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Behavioral  Sciences 

Research  on  Internal  and  External  Memory 
Systems  Conducted  at  the  Free  Univ^eity  ~ 

of  Berlin- . ^ .  William  D.  Crano 

The  work  of  Wolfgang  Schonpflug  concerned  with  the  principles  in  con¬ 
trolling  the  use  and  choice  of  external  versus  internal  information  is 
reviewed.  The  author  states  that  such  work  is  important  to  the  study  of 
human  cognitive  functioning,  and  he  hopes  that  the  approach  exemplified 
in  Schdnpflug's  work  will  be  more  widely  used. 


Biological  Sciences 


17th  Annual  Meeting  of  the  Scandinavian 
Society  for  Immunology  . . 


Claire  E.  Zomzely-Neurath 


Selected  presentations  at  this  conference,  held  in  June  1987  in 
Uppsala,  Sweden,  are  reviewed.  Topics  are  cell  receptors  and  antigens, 
B  cells  and  antibodies,  genes  and  gene  expression  in  lymphoid  cells,  and 
new  immunological  methods. 


Biotechnology  at  Warren  Spring -^taboratory, 
Stevenage,  UK  ^  . . . 


Claire  E.  Zomzely-Neurath  13 


The  work  of  the  Warren  Spring  Laboratory's  Biotechnology  Division  is 
reviewed.  The  discussion  focuses  on  the  efforts  in  downstream  processing — 
in  particular,  on  primary  separation  and  bacterial  genetics — and  industri¬ 
al  microbiology. 
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Sixth/  European  Microelectronics 

Conferenc^'  (EMC/87)  . . .  Robert  W.  Vest 

The  papers  presented  at  this  meeting,  held  in  June  1987  at  Bourne¬ 
mouth,  UK,  are  briefly  summarized  under  the  topics  of  high-density,  inter¬ 
connection  systems,  materials  in  hybrid  technology,  and  surface  mount 
technology. 


Creep  and  Fracture  of  Engineering 
Materials  and  Structures — Third 
International  Conference  . 


John  P.  Gudas 


Selected  presentations  given  at  this  conference,  held  in  Swansea,  UK, 
are  reviewed.  Topics  under  which  the  papers  are  reviewed  are:  mechanisms 
of  creep  and  fracture,  deformation  and  fracture  of  particle-strengthened 
alloys,  creep  and  fracture  of  steels,  damage  accumulation  and  creep  crack 
growth,  and  remanent  life  assessment. 
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■^Sialon  CerainJ.cs  -Research  at  The 

Univsxsitv^  of  Newcastle-Upon-Tyne  i .  Louis  Cartz  23 
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Sialon  ceramics  are  investigated  at  Newcastle-Upon-Tyne  by  the  group 
headed  by  Dr.  D.P.  Thompson.  Nitrogen  sialon  glasses  are  shown  to  be 
transparent.  Methods  of  overcoming  the  effects  of  the  glassy  grain  bound¬ 
ary  phase  are  being  investigated. 


Mathematics 


Artificial  Intelligence  and  Related 

Research  at  Salerno  .  Paul  Roman  26 

Unusual,  broad-based,  multidisciplinary  work  on  the  fundamental, 
structural  aspects  of  artificial  intelligence  research  is  done  at  the  De¬ 
partment  of  Theoretical  Physics,  University  of  Salerno,  Italy.  Neural 
network  (cellular  automata)  analysis  is  the  current  focus,  but  many  other 
aspects  of  large,  complex,  interacting  systems  are  also  explored.  Specific 
examples  are  image  analysis  or  mathematical  linguistics. 


Mechanics 


Joint  Meeting  of  the  French  and  Italian 

Combustion  Societies  ^ . . .  Eugene  F.  Brown  28 

Selected  CFD-related  presentations  at  this  meeting,  held  in  June  1987 
in  Amalfi,  Italy,  are  reviewed.  Topics  under  which  the  presentations  are 
grouped  are:  gas  turbine  combustion,  combustion  simulation  and  modeling, 
industrial  applications,  and  experimental  investigations. 

US-France  Workshop  on  Turbulent 

Reactive  Flows  ; .  Eugene  F.  Brown  35 

This  joint  US-France  workshop  was  held  in  July  1987  in  Rouen,  France. 
Presentations  given  in  the  four  sessions — structure  of  turbulent  flames, 
measurements,  supersonic  combustion,  and  numerical  methods — are  reviewed. 


Fluid  Mechanics  Research  at  the 

University  of  Naples^ .  Eugene  F.  Brown  42 

A  wide  variety  of  fluid  mechanics  researches  are  being  undertaken  at 
the  University  of  Naples  including  both  fundametal  and  applied  work.  Close 
links  with  the  new  Italian  Center  for  Aerospace  Research  is  likely  to  ac¬ 
celerate  the  development  of  aerospace-related  research  at  the  university. 


Fluid  Mechanics  and  Combustion  Research  at 
The  Polytechnic  Univ^teitj^  of  Madrid  and 

The  University' of  Zaragoza  , .  Eugene  F.  Brown  45 

Research  in  fluid  dynamics  and  combustion  at  these  two  universities 
is  reviewed.  The  author  states  that  Spain  has  only  a  few  centers,  such 
as  the  ones  he  reviews,  which  have  well-developed  research  programs,  but 
he  expects  that  in  the  next  few  years  there  will  be  a  sharp  increase  in 
the  number  of  Spanish  universities  developing  high-quality  research  pro¬ 
grams  in  fluid  dynamics. 
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COST-43: '  Seminar  on  Operational 

Ocean  Station  Networks  . .  Jerome  Williams  48 

This  fifth  COST-43  technical  seminar  was  held  in  June  1987  at  Brest, 

France.  The  presentations  are  summarized  and  discussed  under  the  headings 
of  COST-43  programs,  national  and  international  programs,  and  evaluation 
and  new  developments. 


Air-Sea  Interaction  Meeting  of  the 

UK's  Royal  Meteorological  Society  i .  Jerome  Williams  51 

Presentations  made  at  this  meeting,  held  in  July  1987  at  Southampton 
University,  are  reviewed.  Topics  include  bubble  clouds,  fluxes,  fronts 
and  gradients,  remote  sensing,  models,  and  ice. 
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A  Small  French  Meeting  on  , 

Optical  Cbmmunications  . . .  Paul  Roman  54 

This  article  reviews  selected  topics  presented  at  the  "Telemat  87 — 
Horizons  de  I'Optique"  conference,  held  at  Marseille  in  June  1987.  The 
general  background  of  the  conference  is  described,  and  optical  telecom¬ 
munication,  optoelectronic  materials  and  devices,  and  integrated  optics, 
as  well  as  the  possible  role  of  optics  in  computers,  is  given  special  at¬ 
tention. 
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RESEARCH  ON  INTERNAL  AND  EXTERNAL  MEMORY 
SYSTEMS  CONDUCTED  AT  THE  FREE  UNIVERSITY 
OF  BERLIN 

by  William  Crano.  Dr.  Crano  ie  the  Liai¬ 
son  Scientist  for  Psychology  in  Europe 
and  the  Middle  East  for  the  Office  of 
Naval  Research's  London  Branch  Office. 
He  is  on  leave  until  June  1988  from  Texas 
A&M  University ,  where  he  is  a  Professor 
of  Psychology . 


The  principles  that  govern  the  man¬ 
ner  in  which  people  store  information  in 
memory  is  a  continuing  concern  of  exper¬ 
imental  psychology.  Now,  social  psy¬ 
chologists,  too,  have  become  concerned 
with  the  more  socially  oriented  mem¬ 
ory  processes — e.g.,  person  memory  (cf. 
Hastie,  1977;  Hastie  and  Carlson,  1980; 
Hastie  and  Kumar,  1979) .  Most  current  US 
research  on  memory  is  focused  on  what 
might  be  called  "internal"  information 
storage.  (For  a  noteworthy  exception  see 
Wegner's  wor)c  on  transactive  memory:  Weg¬ 
ner,  1985;  Wegner,  Giuliano,  and  Hertel, 
1985.)  That  is,  we  have  directed  our  re¬ 
search  attention  to  the  study  of  tactics 
that  people  use  when  encoding  information 
into  long-term  memory,  or  when  retrieving 
information  from  memory  in  order  to  apply 
the  previously  stored  information. 

There  is  a  whole  range  of  memory 
phenomena,  however,  that  are  not  ad¬ 
dressed  in  contemporary  mainstream  memory 
research  in  psychology.  These  phenomena 
have  to  do  with  the  external  storage  of 
information,  a  ubiquitous  feature  of 
modern  life.  Since  the  invention  of  typo¬ 
graphy,  external  storage  devices  (e.g., 
hooks,  lab  notes,  magnetic  tapes, 
dis)cettes,  etc.)  have  exceeded  human 
memory  in  terms  of  capacity,  stability, 
and  at  times,  speed  of  encoding.  Yet, 
almost  no  formal  research  has  been  di¬ 
rected  to  the  principles  involved  (if 
any)  in  controlling  the  use  and  choice  of 
external  versus  internal  information 
storage.  Wolfgang  Schonpflug  (Free  Uni¬ 
versity,  West  Berlin)  has  attempted  an 
ambitious  experimental  attac)«  on  this 
problem.  The  results  of  his  research 
series  on  the  factors  that  influence  the 
trade-off  criteria  that  mediate  the 
choice  of  internal  representation  or  ex¬ 
ternal  storage  of  information  is  the 
focus  of  this  report. 


Two  Nonindependent  Systems  of  Mental  Rep¬ 
resentation 

Broadly,  people  can  store  informa¬ 
tion  in  two  ways — in  internal  memory,  and 
through  external  devices,  such  as  notes, 
boo)(s,  etc.  The  advantages  and  disad¬ 
vantages  of  these  mechanisms  are  very 
different.  Information  retrieval  from 
internal  memory  is  practically  automatic. 
It  is  fast,  tailored  to  the  needs  and 
context  within  which  the  recall  occurs, 
and  generally  consistent  with  the  inten¬ 
tions  of  the  information  retriever.  How¬ 
ever,  internal  storage  capacity  is  lim¬ 
ited,  and  its  efficiency  can  be  degraded 
by  a  host  of  contextual  distractors. 

External  storage  devices  are  practi¬ 
cally  limitless  in  terms  of  capacity,  and 
they  can  be  extremely  fast.  However,  they 
are  nonreactive  (or  nonaccommodative) — 
i.e.,  they  do  not  adjust  to  the  context 
or  to  the  needs  of  the  individual.  In 
addition,  in  order  for  them  to  be  useful, 
externally  stored  data  must  be  repre¬ 
sented,  or  tagged,  in  internal  memory; 
the  individual  must  Icnow  that  the  requi¬ 
site  information  is  stored  externally, 
where  it  is  stored,  how  it  is  organized, 
and  how  to  access  it.  Thus,  the  utility 
of  an  external  storage  device  is  in  a 
very  major  respect  dependent  upon  the 
quality  of  its  representation  in  internal 
memory. 

Research  on  metamemory — the  manner 
in  which  people  remember  how  they  remem¬ 
ber,  the  strategies  they  use  to  store  or 
retrieve  information — could  profit  from 
considerations  focused  on  the  issue  of 
internal/external  storage  of  information 
(cf.  Flavell  and  Wellman,  1977) .  Almost 
all  research  on  metamemory  is  concerned 
ultimately  with  internal  representations. 
Clearly,  however,  if  external  storage  is 
established  as  an  important  feature  of 
human  memory,  then  the  metamemoric  rules 
governing  its  utilization  are  worthy  of 
detailed  consideration.  As  Schonpflug  has 
observed,  "So  long  as  mainstream  memory 
psychology  does  not  deal  systematically 
with  external  storage,  it  misses  substan¬ 
tial  pragmatic,  ecological,  and  evolu¬ 
tionary  aspects  of  the  memory  function." 

Considerable  research  points  indi¬ 
rectly  to  the  importance  of  understanding 
external  memory.  Many  experiments  on 
problem  solving,  arithmetic,  design 
tas)cs,  etc.  have  shown  that  )«eeping  notes 
or  consulting  a  list  of  decision  rules 
increases  the  amount  of  information 
available  to  the  problem-solver,  and  sub¬ 
sequently  enhances  performance.  In  psy¬ 
chology,  however,  the  only  research  di¬ 
rectly  focused  on  external  encoding  and 
retrieval  has  been  undertaJcen  in  the 
study  of  the  effects  of  note-ta)cing 
during  lectures  (e.g.,  Barnett,  DiVesta, 
and  Rogozins)?!,  1981).  While  offering 
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some  useful  information,  the  literature 
of  this  area  is  uninformative  with  re¬ 
spect  to  the  more  general  issue  of  the 
conditions  under  which  internal  memory  or 
an  external  device  will  be  the  preferred 
information  storage  mechanism. 

Two  Preliminary  Studies 

In  the  preliminary  investigation  of 
this  issue,  Schonpflug  (1986)  performed  a 
simple  experiment  in  which  subjects  were 
as)ced  to  imagine  that  they  had  been 
stranded  on  a  desert  island  for  12  years, 
cut  off  from  all  information  of  the  cur¬ 
rent  world  of  1999.  They  were  to  be  ex¬ 
posed  to  a  series  of  texts  which  de¬ 
scribed  current  conditions,  and  they  were 
to  be  prepared  to  produce  a  reproduction 
of  the  texts  after  the  entire  list  (of 
27  texts)  had  been  presented. 

They  were  given  the  option  of  memo¬ 
rizing  the  information  presented  on  a 
given  text,  or  memorizing  the  text  refer¬ 
ence,  which  would  allow  for  its  retrieval 
from  the  computer  in  which  it  was  stored. 
The  texts  varied  in  terms  of  difficulty: 
more  difficult  texts  contained  more  words 
and  more  information.  Reference  diffi¬ 
culty,  too,  was  systematically  manipu¬ 
lated.  The  principal  measures  of  the 
study  were  concerned  with  subjects' 
ratings  of  the  difficulty  of  the  texts 
and  their  references  (forms  of  manipula¬ 
tion  checks)  ,  and  their  intention  to  mem¬ 
orize  one  or  the  other  or  both  of  these 
two  data  components.  Actual  memory  per¬ 
formance  was  not  a  critical  feature  in 
the  study,  which  was  concerned  primarily 
with  the  subjective  trade-off  decision 
between  text  and  reference  learning,  and 
the  effect  of  difficulty  on  this  deci¬ 
sion  . 

Interestingly,  a  substantial  and 
statistically  significant  preference  fa¬ 
voring  text  learning  over  external  stor¬ 
age  was  found  in  the  study.  When  a  dif¬ 
ficult  text  was  encountered,  subjects 
attempted  to  learn  it  and  its  reference. 
With  easy  texts,  only  the  text  was 
learned,  its  reference  neglected.  The 
difficulty  level  of  the  reference  was  of 
only  secondary  relevance.  In  many  ways, 
these  results  make  good  sense.  Clearly, 
if  one  is  to  use  the  reference,  he  or  she 
must  know  what  it  contains  (i.e.,  remem¬ 
ber  at  least  something  of  the  text)  . 
Thus,  reference  learning  (which  entails 
the  use  of  an  external  storage  mechanism) 
of  necessity  involves  text  learning  (in¬ 
ternal  storage).  As  such,  it  often  can 
involve  more  cognitive  effort  than  in¬ 
ternal  representation,  and  it  is  thus 
employed  only  when  text  memorizing  is  of 
sufficient  difficulty  to  practically 
force  the  issue. 

Of  course,  this  study  far  from  set- 
tlp=  the  question.  There  are  aspects  of 


the  findings  that  might  be  questioned: 
was  the  magnitude  of  the  relative  varia¬ 
tions  in  information  complexity  contained 
in  texts  and  references  sufficient  to 
produce  an  effect?  what  was  the  influence 
of  other  potentially  critical  variables? 
etc.  Schonpflug  recognized  the  fact  that 
there  was  still  much  to  be  learned  on 
this  issue,  and  planned  a  series  of  ex¬ 
periments  designed  further  to  elucidate 
the  factors  that  influence  people's 
choice  of  internal  and  external  storage 
mechanisms . 

Before  he  began,  however,  Muthig  and 
Piekara  (1984)  reported  on  research  that 
produced  results  certain  to  provoke  puz¬ 
zlement  among  those  who,  like  Schonpflug, 
believed  that  principles  of  cognitive 
economics  would  govern  the  manner  in 
which  people  would  store  information.  In 
their  study,  Muthig  and  Piekara  told 
their  research  subjects  to  assume  that 
they  were  to  write  a  report  on  living 
conditions  for  humans  on  a  fictitious 
planet  about  to  be  populated.  Sixty 
statements  were  presented  regarding  vari¬ 
ous  aspects  of  life  on  the  planet,  and 
they  were  to  base  their  report  on  this 
information.  Half  the  statements  were 
relevant  for  the  task,  the  others  irrel¬ 
evant.  The  statements  varied  in  their 
generality-specificity  and  in  their  lin¬ 
guistic  complexity  (cf.  Kintsch  et  al., 
1975)  . 

Subjects  were  allowed  either  to  take 
notes  on  the  texts,  or  to  request  printed 
copies  of  any  of  the  60  statements.  Anal¬ 
ysis  disclosed  that  the  number  of  notes 
taken  was  almost  exactly  equal  to  number 
of  copies  requested,  and  both  of  these 
measures  were  almost  completely  de¬ 
termined  by  the  relevance  of  the  infor¬ 
mation  for  the  task  at  hand.  Previous 
research  (Hillis  &  Crano,  1973)  had  al¬ 
ready  demonstrated  the  importance  of  in¬ 
formation  relevance  (or  utility)  in  de¬ 
termining  subjects'  self-exposure  to  in¬ 
formation,  and  Muthig  and  Piekara 's  re¬ 
sults  replicate  these  earlier  findings. 
In  addition,  however,  their  data  suggest 
that  specificity,  ratings  of  text  dif¬ 
ficulty,  and  linguistic  complexity  of 
information  were  of  but  minor  influence 
on  subjects'  preferences  for  the  use 
of  internal  or  external  storage  mecha¬ 
nisms  . 


Text  Length,  Relevance,  and  Specificity 
These  results  did  not  strike 
Schonpflug  as  definitive  or  as  completely 
reasonable--probably  because  they  proved 
so  contrary  to  his  theoretical  expecta¬ 
tions.  In  attempting  to  rationalize  the 
developing  theory  concerned  with  the 
trade-off  between  internal  and  external 
storage  mechanisms  with  the  findings  of 
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Muthig  and  Piekara,  he  proposed  the  fol¬ 
lowing  line  of  logic: 

•  Text  complexity  adds  to  the  demands 
on  internal  memory,  and  thus  will  fos¬ 
ter  a  shift  from  internal  to  external 
storage 

•  However,  if  externally  stored  informa¬ 
tion  must  be  represented  internally — 

•  Then  external  storage  will  be  effec¬ 
tive  only  if  the  internal  representa¬ 
tion  of  the  (externally  stored)  data 
is  sufficiently  reduced  to  prove  ad¬ 
vantageous  to  the  human  information 
processor  (cf.  van  Dijk,  1980) 

•  Therefore,  external  storage  will  be 
undertaken  only  with  complex  items. 

With  this  set  of  ideas  in  mind, 
Schdnpflug  began  an  investigative  series 
that  was  to  reinforce  the  adage,  "When 
the  data  get  in  the  way  of  a  good  theory, 
try  again . " 

The  central  task  of  the  subjects  in 
this  study  was  similar  to  that  used  by 
Muthig  and  Piekara.  Subjects  were  told 
that  they  were  going  to  have  to  write  a 
paper  on  the  issue  of  a  mass  immigration 
to  a  newly  discovered  planet,  Theleos. 
The  paper  was  to  list  all  the  positive 
and  negative  features  of  life  on  the 
planet.  In  their  instructions,  subjects 
were  told: 

Thfeleos  is  a  newly  discovered  planet. 
First  projects  of  interplanetary 
transportation,  of  colonization  and 
exploitation  have  been  fairly  success¬ 
ful.  The  initial  experiences  have  pro¬ 
moted  the  idea  of  turning  the  planet 
Theleos  into  an  alternative  homeland 
for  terrestrials,  and  thereby  reduce 
the  overpopulation  of  the  earth.  [We 
now  have]  to  make  a  decision  whether 
to  launch  a  program  for  mass  emigra¬ 
tion.  The  material  to  be  considered 
in  the  report  to  be  written... is  kept 
in  archives,  and  a  search  through  the 
archives  is  needed  to  find  all  rele¬ 
vant  material.  However,  there  is  no 
systematic  documentation  of  the  rele¬ 
vant  material  available;  therefore,  a 
larger  stock  of  material  has  to  be 
searched  through  which  also  contains 
irrelevant  pieces  of  information. 

A  total  of  108  texts  were  presented 
via  computer  terminal.  They  varied  in 
length,  relevance,  and  degree  of  specifi¬ 
cation.  In  addition,  presentation  time 
was  systematically  varied:  some  subjects 
could  inspect  a  text  for  as  long  as  they 
liked;  for  others,  the  text  disappeared 
from  the  screen  after  20  seconds.  A  final 
variable  manipulated  the  costs  for  ex¬ 
ternal  storage:  In  one  condition  of  the 
design,  subjects  needed  only  to  press  the 


"P"  key  of  the  computer  keyboard  to  re¬ 
ceive  a  print-out  of  the  displayed  text; 
other  subjects  were  forced  into  an  ex¬ 
tended  (70  second)  dialogue  with  the  com¬ 
puter  before  a  given  text  would  be 
printed. 

The  results  of  this  study  were  much 
closer  to  expectations  than  those  of 
earlier  experiments.  There  were  many 
interesting  results  discovered  in  the 
research,  but  the  most  important  of  these 
were  that  (1)  subjects  were  more  likely 
to  make  use  of  external  storage  devices 
when  the  text  was  relevant,  and  (2)  this 
tendency  was  exaggerated  when  the  text 
was  long  or  specific.  As  might  be  ex¬ 
pected,  exposure  time  to  the  texts  in¬ 
creased  as  costs  for  printing  increased; 
people  were  more  likely  to  memorize  a 
text  (i.e.,  to  use  internal  storage)  as 
external  storage  costs  increased.  Fig¬ 
ure  1  presents  a  good  summary  of  the 
major  findings  of  the  study. 

One  apparently  anomalous  result  re¬ 
ported  by  Schdnpflug  concerned  the  fail¬ 
ure  to  observe  an  increase  in  use  of  ex¬ 
ternal  storage  under  conditions  of  lim¬ 
ited  exposure  time.  It  seems  natural 
that  subjects  who  did  not  have  sufficient 
time  to  memorize  a  relevant  text  would  be 
more  likely  to  resort  to  the  printer  than 
those  who  could  study  the  text  at  their 
leisure.  However,  this  differential  tend¬ 
ency  was  not  apparent.  I  believe  that 
the  difference  did  not  occur  because  all 
.subjects  printed  most  relevant  texts  re¬ 
gardless  of  temporal  constraints.  As  a 
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consequence,  no  differential  tendencies 
to  store  data  between  the  high  and  low 
processing-time  groups  were  evident.  Ex¬ 
ternal  storage  had  reached  a  psycholog¬ 
ical  ceiling  under  some  of  the  experi¬ 
mental  conditions.  The  data  of  Figure  1 
support  this  interpretation,  and  help  to 
make  sense  of  an  otherwise  puzzling  lack 
of  difference. 

Enhancing  Ecological  Validity 

A  second  study  was  performed  to 
lend  greater  reality  to  the  information 
search/trade-of f  decision  task.  In  this 
experiment,  text  material  was  presented 
hierarchically.  The  first  level  of  the 
text  hierarchy  presented  in  a  very  few 
words  the  theme  of  the  information  that 
was  contained  within  the  remaining  mem¬ 
bers  of  the  hierarchy.  So,  for  example, 
the  first  entry  might  read,  "The  weather 
conditions  on  Theleos."  The  second  level 
of  the  text  hierarchy  elaborated  on  this 
theme;  "Theleos  has  a  regular  day-night 
rhythm,  accompanied  by  equally  regular 
variations  in  temperature.  Wind  and  cloud 
formation  with  precipitation  may  be  ob¬ 
served."  The  third  and  fourth  levels 
were  even  more  detailed.  Mean  numbers  of 
words  per  level  were  4  on  level  1  (range: 
2-8  words),  18  for  level  2  (range:  9- 

49  words)  ,  27  on  level  3  (range:  16- 

52  words) ,  and  50  on  level  4  (range:  26- 
95  words) . 

The  procedure  of  the  experiment 
was  much  like  that  of  the  first  of 
Schonpf lug's  studies,  except  that  a  "no 
relevance"  text  condition  was  added  to 
the  low  and  high  relevance  text  presenta¬ 
tions,  and  no  exposure  time  variation  was 
included — subjects  could  view  materials 
for  as  long  as  they  liked.  In  general, 
the  results  of  this  study  confirmed  ear¬ 
lier  findings.  Analysis  of  the  data  dem¬ 
onstrated  that: 

•  Relevance  of  text  information  was  a 
major  determinant  of  subjects'  use  of 
external  storage 

•  Greater  relevance  resulted  in  more 
frequent  storage 

•  Costs  for  storage  had  a  significant 

impact:  the  higher  the  costs  for 

printing,  the  lower  the  probability 
of  printouts  (given  material  of  equal 
relevance)  . 

The  text-hierarchy  variation  also 
made  for  interesting  effects.  Basically, 
subjects  were  always  exposed  first  to  the 
lowest  level  of  each  of  the  text  hier¬ 
archies,  and  from  there  could  choose  to 
enter  more  deeply  into  the  material  by 
exposing  themselves  to  successively  high¬ 
er  steps  in  the  hierarchy.  In  some  cases, 
of  course,  the  first-level  information 
was  completely  irrelevant  to  the  task  at 


hand,  and  this  signified  that  the  (more 
detailed)  information  that  followed  with¬ 
in  that  hierarchy  also  was  irrelevant. 
In  this  event,  further  exposure  within 
the  hierarchy  almost  never  occurred. 
However,  as  subjects  entered  deeper  into 
the  relevant  hierarchies,  exposure  time 
increased,  as  did  the  likelihood  that  the 
information  would  be  printed.  At  each 
successive  level  within  the  relevant 
hierarchies,  printout  (i.e.,  external 
storage)  probabilities  increased. 

Recall  and  Dissociation,  Experts  and  As¬ 
sistants 

A  central  tenet  in  all  of  the  work 
discussed  to  this  point  is  that  the  ef¬ 
ficiency  of  externally  stored  material 
is  dependent  upon  the  quality  of  its  in¬ 
ternal  representation.  When  external  in¬ 
formation  becomes  dissociated  from  its 
internal  representation  (by,  for  example 
forgetting) ,  then  the  quality  of  recall 
is  degraded.  In  the  third  and  final  ex¬ 
periment  of  this  series,  Schonpf lug  at¬ 
tempted  to  construct  an  analogy  in  which 
maximal  dissociation  occurs  between  in¬ 
ternal  and  externally  stored  information. 
He  did  this  by  studying  two  subjects  in 
tandem  in  each  experimental  session:  the 
job  of  the  first  was  exactly  the  same 
as  that  of  the  subjects  in  the  second 
experiment — to  examine  hierarchical  in¬ 
formation,  and  decide  which  to  store  and 
which  to  memorize.  The  general  instruc¬ 
tions  and  overview  of  the  task  as  pre¬ 
sented  to  the  subject  were  exactly  the 
same  as  those  presented  subjects  in  the 
earlier  study:  He  was  to  read  informa¬ 
tion  about  a  soon-to-be  inhabited  planet, 
Theleos,  and  to  write  a  report  regarding 
the  pros  and  cons  of  this  venture.  To 
facilitate  this  task,  the  subject  could 
either  memorize  the  information  that  was 
presented  (as  in  Study  2,  the  information 
was  presented  in  a  hierarchical  fashion) 
or  print  out  relevant  data.  Let  us  call 
this  individual  the  expert. 

The  second  subject  in  each  group  was 
told  that  he  was  to  act  as  an  assistant 
to  the  expert.  The  assistant' r  task  was 
to  select  and  print  material  that  would 
be  considered  by  the  expert  in  developing 
his  report.  The  assistant  himself  was 
not  to  write  the  report,  and  he  could 
not  communicate  directly  with  the  expert. 
Thus,  the  assistant  was  an  agent  of  stor¬ 
age,  but  not  of  retrieval.  This  setup  is 
interesting  because  it  creates  an  analogy 
to  a  situation  within  the  individual  in 
which  internally  and  externally  stored 
information  is  dissociated.  Clearly,  the 
expert  could  not  have  an  internal  repre¬ 
sentation  of  the  information  stored  for 
him  by  the  assistant.  As  such,  there 
is  maximal  dissociation  between  the  two 
forms  of  data.  Of  course,  the  choices 
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Figure  2 .  Mean  exposure  times  as  a  func¬ 
tion  of  text  relevance,  hierarchy  level, 
and  retrieval  role. 


of  the  assistant  were  never  really  made 
available  to  the  expert  in  this  study. 
The  point  of  the  experiment  was  to  in¬ 
vestigate  similarities  and  differences 
in  patterns  of  information  exposure  and 
storage  between  individuals  working  in 
the  different  roles. 

The  methodology  of  the  study  dif¬ 
fered  only  slightly  from  the  second  ex¬ 
periment.  The  same  hierarchically  ar¬ 
ranged  text  material  was  used,  as  before. 
There  was  no  time  limit  on  exposure  to 
information.  The  role  of  "assistant"  con¬ 
stituted  the  significant  addition  to  the 
research  operations. 

The  results  on  exposure  time  are 
presented  in  Figure  2.  As  shown,  there 
was  a  clear  tendency  for  lengthier  ex¬ 
posure  on  the  part  of  the  experts — 
especially  if  the  text  was  of  high  rele¬ 
vance.  In  addition,  there  was  a  general 
tendency  for  relevant  information  to  be 
inspected  for  longer  periods  as  the  sub¬ 
ject  climbed  the  informational  hierarchy. 
This  tendency  was  greater  for  experts 
than  for  assistants. 

Figure  3,  which  is  concerned  with 
the  probability  that  a  text  would  be 
printed  (or  stored)  ,  provides  some  ex¬ 
planation  for  this  finding.  As  shown, 
the  assistants  were  more  likely  than  ex¬ 
perts  to  print  texts  of  either  high  or 
low  relevance.  At  the  third  and  fourth 
level."  of  the  text  hierarchy,  for  ex¬ 
ample,  Figure  3  indicates  that  the  as¬ 
sistants  were  apt  to  press  the  print 
button  much  more  readily  than  the  ex¬ 


perts.  As  such,  there  was  less  need  for 
them  to  spend  much  time  exposing  them¬ 
selves  to  the  information.  Having  de¬ 
cided  that  a  given  hierarchy  was  rele¬ 
vant,  the  assistant  needed  merely  to 
proceed  through  it  to  the  third  or  fourth 
level,  and  print  the  information.  The 
expert,  on  the  other  hand,  had  to  form  an 
internal  representation  of  the  printed 
material — no  matter  what  its  position  in 
the  hierarchy — in  order  to  be  able  later 
to  use  the  stored  information  efficient¬ 
ly.  Finally,  as  shown  in  Figure  3,  there 
was  a  significant  difference  between  ex¬ 
perts  and  assistants  in  terms  of  likeli¬ 
hood  of  external  storage:  the  experts 
were  less  likely  than  the  assistants  to 
store  information. 

These  results  are  interesting  be¬ 
cause  they  indicate  that  relevance  and 
complexity  of  information  affect  the  be¬ 
havior  of  people  who  are  encoding  infor¬ 
mation  for  another  in  much  the  same  ways 
that  they  affect  people  encoding  material 
for  their  own  use.  To  be  sure,  the  print¬ 
out  (storage)  rate  of  the  assistants  was 
considerably  greater  than  that  shown  by 
the  experts;  this  finding  suggests  that 
internal  processes  were  used  by  experts 
to  replace  external  storage.  The  differ¬ 
ence  between  assistants  and  experts  de¬ 
creased  at  higher  levels  of  relevance. 
This,  too,  is  as  it  should  be:  at  all 
levels  of  relevance,  the  assistant  would 
be  more  likely  to  store  information,  and 
this  tendency  would  grow  at  higher  levels 
of  the  hierarchy.  The  expert's  reaction. 


Figure  3.  Probability  of  printout  (stor¬ 
age)  as  a  function  of  text  relevance, 
hierarchy  level,  and  retrieval  role. 
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however,  might  be  expected  to  be  somewhat 
less  linear.  He  well  might  store  the 
high-level  information  externally,  but 
for  information  at  the  low  level  of  the 
hierarchy,  he  is  perhaps  more  likely  to 
use  internal  storage  and  disregard  the 
printer . 

Interestingly,  the  assistants  did 
Kot  Store  everything  available,  nor  even 
all  highly  relevant  information.  They, 
like  the  experts,  recognized  that  proc¬ 
essing  masses  of  information  was  not  ef¬ 
ficient,  and  apparently  were  guided  by 
concerns  for  parsimony  and  information 
processing  efficiency.  Most  likely  to  be 
omitted  was  irrelevant  information,  and 
then  information  that  appeared  to  repli¬ 
cate  data  stored  earlier,  even  if  the 
information  to  be  omitted  was  highly  rel¬ 
evant  . 


Some  Final  Observations 


The  present  series  of  studies  repre¬ 
sent  an  initial,  exploratory  attempt  to 
understand  more  about  the  processes  that 
govern  the  external  storage  of  informa¬ 
tion.  In  and  of  itself,  the  fact  that 


share  common  functional  features  with  the 
internal  memory  system.  In  addition,  the 
study  of  external  storage  systems  makes 
available  experimental  manipulations  that 
are  not  possible  in  traditional  memory 
research . 

The  study  of  the  external  storage  of 
internally  represented  information  offers 
a  host  of  methodological  and  theoretical 
advantages  to  the  scientist  committed  to 
the  study  of  human  cognitive  functioning. 
It  is  my  hope  that  the  general  approach 
exemplified  in  Professor  Schonpflug's 
work  will  be  more  widely  adopted  and  em¬ 
ployed.  We  are  only  at  the  beginning 
of  a  long  road  to  understanding  the  human 
memory.  The  study  of  the  trade-off  cri¬ 
teria  that  people  use  in  employing  in¬ 
ternal  or  external  information  storage 
may  greatly  facilitate  our  voyage. 
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17th  ANNUAL  MEETING  OF  THE  SCANDINAVIAN 
SOCIETY  FOR  IMMUNOLOGY 

by  Claire  E,  Zomsely-Neurath.  Dr.  Zom- 
zely-lleurath  is  the  Liaison  Scientist  for 
Biochemistry ,  Neurosciences ,  and  Molecu¬ 
lar  Biology  in  Europe  and  the  Middle  East 
for  the  Office  of  Naval  Research's  London 
Branch  Office.  She  is  on  leave  until  July 
1988  from  her  position  as  Director  of  Re¬ 
search,  the  Queen's  Medical  Center,  Hono¬ 
lulu,  Hawaii,  and  Professor  of  Biochemis¬ 
try  ,  University  of  Hawaii  School  of  Med¬ 
icine  . 


Introduction 

Symposia,  workshops,  poster  ses¬ 
sions,  summer  school,  and  exhibitions 
were  features  of  the  17th  Annual  Meeting 
of  the  Scandanavian  Society  for  Immunol¬ 
ogy,  which  was  held  at  Uppsala  Univer¬ 
sity,  Uppsala,  Sweden,  from  1  through  6 
June  1987.  The  largest  number  of  the 
several  hundred  participants  were  from 
the  Scandinavian  countries  (Norway,  Fin¬ 
land,  Denmark,  Iceland,  and  Sweden)  with 
Swedish  scientists  in  the  majority.  How¬ 
ever,  there  were  also  attendees  from 
other  West  European  countries  such  as 
Switzerland,  West  Germany,  and  France.  In 
addition,  the  UK,  US,  Canada,  Japan, 
Australia,  Argentina,  Ethiopia,  Israel 
and  Poland  were  also  represented. 


The  first  day  of  the  meeting  was 
devoted  to  a  special  symposium  entitled 
” Neuromodulation  of  Immunity."  The  topics 
addressed  in  three  symposia  were*. 

•  T-cell  receptors  and  T-cell  function 

•  Immunology  of  infectious  disease 

•  Immunology  of  parasitic  disease. 

In  addition,  there  were  14  workshop  ses¬ 
sions  on; 

•  Immunodeficiencies-AIDS 

•  Immunology  of  infectious  disease 

•  Transplantation  immunology 

•  Cell  surface  receptors  and  antigens 

•  Regulation  and  function  of  natural 
killer  (NK) -cells 

•  B-cells  and  antibodies 

•  Autoimmune  disease 

•  T-cell  interactions 

•  Genes  and  gene  expression  in  lymphoid 
cells 

•  New  immunological  methods 

•  Vaccines  and  antigen  presentation 

•  Lymphokines,  growth  factors,  and  com¬ 
plement 

•  Role  of  MHC  (major  histocompatability 
complex)  and  MHC-associated  gene  ex¬ 
pression  in  tumors 

•  Neuromodulation  of  immunity. 

Three  to  four  workshop  sessions  took 
place  concurrently  during  the  period  of 
the  meeting.  The  summer  school  which  was 
scheduled  to  follow  the  conference  was  a 
2-day  teaching  session  covering  the  topic 
of  the  expression  of  oncogenes  and  regu¬ 
lation  of  growth  and  differentiation  in 
normal  and  malignant  lymphoid  cells. 

A  wide  range  of  subjects  in  the  area 
of  immunology  research  as  well  as  many 
excellent  presentations  were  covered 
during  this  conference.  Sweden,  in  par¬ 
ticular,  has  been  and  still  is  very 
strong  in  immunology  research  and  this 
was  manifested  by  the  high  level  of  re¬ 
search  presentations.  Since  it  is  not 
possible  to  report  on  all  the  talks  given 
at  this  meeting,  only  summaries  of  se¬ 
lected  papers  can  be  presented  in  this 
relatively  short  report. 

Cell  Receptors  and  Antigens 

Studies  on  the  induction  of  leuko¬ 
cyte  aggregation  by  antibodies  to  large 
sialoglycoprotein  were  reported  by  B. 
Axelsson  (Department  of  Immunology,  Uni¬ 
versity  of  Stockholm,  Sweden) .  Monoclonal 
antibodies  reacting  with  large  sialog¬ 
lycoprotein  (LSGP,  molecular  weight  of 
120  kDA)  were  found  to  produce  aggrega¬ 
tion  of  human  leukocytes.  Whole  immuno¬ 
globulin  (IgG)  as  well  as  Fab-fragments 
of  the  antibodies  induced  aggregation  at 
doses  of  10  nanograms/ml,  well  below  the 
saturation  dose.  Aggregation  was  visible 


after  3  hours  and  reached  a  maximum  after  a  quiescent  population  of  CDS  T-lympho- 

about  6  hours.  In  T-cell  cultures,  the  cytes.  Similar  results  were  also  obtained 

majority  of  cells  participated  in  aggre-  by  the  appropriate  stimulation  of  the 

gate  formation  whereas  in  B  cell  cultures  same  cell  population  with  the  CD3  spe- 

fewer  cells  were  engaged.  Aggregation  was  cific  Mab.  Thus,  by  using  selected  CD2  or 

inhibited  at  4®  C  and  in  the  presence  of  CD3  specific  Mabs  and  the  appropriate 

sodium  azide  or  EDTA.  Aggregation  was  crosslinking  of  conditions,  the  results 

also  blocked  by  antibodies  to  CDlla/CD18.  show,  according  to  Friedrich,  that  trig- 

The  results  suggest,  according  to  Axels-  gering  of  either  the  CD2  or  CD3  antigens 

son,  that  antibodies  to  LSPG  trigger  alone  is  sufficient  to  elicit  both  full 

CDlla/CD18-dependent  adhesion  either  in-  PkC  activation  and  subsequent  autocrine 

directly  by  signalling  via  LSPG  or  di-  growth.  Moreover,  since  specific  activa- 

rectly  by  induction  of  CDlla/CD18  re-  tion  of  the  CD2  pathway  results  in  phos- 

active  determinants  in  LSGP.  phorylation  of  the  CD3  chain,  the  present 

B-cell  chronic  lymphocyte  leukemia  study  also  provides  biochemical  evidence 

(CLL)  with  aberrant  expression  of  CD8  for  a  direct  linkage  between  the  two  ac- 

antigen  was  investigated  by  L.  Borgonovo  tivation  pathways. 

(Karolinska  Institute,  Huddinge  Univer-  A  study  on  tumor-unique  cell  surface 

sity  Hospital,  Stockholm,  Sweden).  The  antigens  was  reported  by  C.H.  Janson  (De- 

monoclonal  antibodies  (Mabs)  against  CD8  partment  of  Immunology,  Karolinska  Insti- 

(T-suppressor/cytotoxic)  antigen  (Leu/OKT  tute  and  the  Immunological  Research  Lab- 

8)  were  found  to  bind  to  leukemic  lympho-  oratory,  Karolinska  Hospital,  Stockholm, 

cytes  from  a  patient  with  a  B-chronic  Sweden) .  Mouse  Mab  antibodies  recognizing 

lymphocytic  leukemia.  The  B-cell  nature  cell  surface  molecules  on  tumor  cells 

of  the  leukemia  was  established  by  the  from  two  patients  with  T-cell  chronic 

presence  of  both  surface  and  cytoplasmic  lymphatic  leukemia  (T-CLL)  were  produced 

monoclonal  IgG  and  by  the  positivity  for  by  Janson  and  his  group,  working  with  H. 

B-cell  specific  markers  as  judged  by  Wigzell,  the  eminent  Swedish  immunolo- 

staining  with  Mabs  (Bj,  B4,  and  anti-HLA-  gist.  In  one  patient,  CDS"*",  CD4''',  and 

Dr).  In  the  patient  studies,  the  expres-  three  different  types  of  idiotype-like 

sion  of  the  CDS  antigen  was  observed  de-  cell  surface  structures  were  identified, 

spite  normal  karyotype  and  lack  of  T-cell  One  molecule  had  a  relative  molecular 

receptor  gene  arrangements.  The  latter  weight  of  90  kDa  under  nonreduced  condi- 

was  analyzed  using  probes  for  the  Tg  and  tions  and  42  kDa  upon  reduction,  corre- 

the  T^  genes  since  these  are  the  first  spending  to  the  T-cell  receptor  for  anti- 

the  T-cell  receptor  genes  which  rearrange  gen  (Tj).  The  two  other  molecules  that 

during  ontogeny.  The  B-cell  nature  of  also  behaved  as  unique  tumor  markers  have 

the  CLL  was  further  confirmed  by  Southern  not  been  previously  described,  according 

blot  analysis  which  demonstrated  an  ad-  to  Janson.  One  molecule  was  a  monomer 

ditional  band  of  about  14  kilobases,  in-  with  a  molecular  weight  of  74  to  80  kDa 

dicative  of  the  rearrangment  of  the  in  the  nonreduced  form  and  upon  reduc- 

U-heavy  chain  gene.  Thus,  according  to  tion,  80  kDa.  The  other  idiotypic  mole- 

Borgonovo,  these  findings  clearly  demon-  cule  was  a  dimer  with  a  nonreduced  weight 

strate  that  the  so-called  "T-cell  spe-  of  74  to  80  kDa.  After  reduction,  a  band 

cific”  markers  may  be  expressed  in  non-  of  38  kDa  was  seen.  In  the  other  patient, 

T-cells.  Whether  this  phenomenon  repre-  CD3''‘,  CD8"'',  one  tumor-unique  antigen 

sents  an  aberrant  marker  expression  in  characterized  as  Tj  has  been  defined  by 

tumor  cells  or  a  rare  but  normal  B-cell  a  Mab  of  IgG2a  subclass.  The  functional 
phenotype  is  not  known.  and  cytotoxic  properties  mediated  by  the 

Studies  on  autonomous  protein  kinase  antibody  were  analyzed.  A  reduction  of 

C  (PkC)  activation  by  cell-surface  mole-  circulating  tumor  cells  in  the  patient 

cules  was  presented  by  B.  Friedrich  (In-  was  seen  after  intravenous  administration 

stitute  for  Applied  Cell  and  Molecular  of  the  Mab. 

Biology,  University  of  UmeS,  Sweden).  CD2  A  report  on  the  evolution  of  the  HLA 

and  the  antigen-receptor-associated  CD3  class  II  region  was  given  by  G.  Andersson 

cell  surface  antigens  represent  two  in-  (Department  of  Animal  Breeding  and  Ge- 

dependent  signal  transducing  pathways  in  netics,  Uppsala  University  and  Swedish 

T-lymphocytes .  In  the  present  study.  University  of  Agricultural  Sciences, 

phosphorylation  of  PkC  substrates  in  T-  Uppsala,  Sweden).  The  human  class  II  his- 

lymphocytes  was  analyzed  after  a  stimula-  tocompatability  antigens  are  encoded  by 

tion  with  specific  pairs  of  anti-CD2  three  different  subregions  of  the  HLA-D 

Mabs.  The  results  showed  that  the  appro-  region  denoted  DP,  DQ,  and  DR.  To  eluci- 

priate  stimulation  of  the  CD2  antigen  date  the  class  II  antigen  repertoire  the 

results  in  PkC  substrate  phosphorylation,  corresponding  genes  were  isolated  and 

and  that  the  conditions  required  of  op-  characterized.  It  was  found  that  the  DP 

timal  PkC  activation  correlated  with  CD2  and  DQ  subregions  each  contains  two  alpha 

specific  induction  to  autocrine  growth  in  and  two  beta  genes.  In  the  DR  region  a 
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single  alpha  gene  is  present  whereas  the 
number  of  beta  genes  varies  between  dif¬ 
ferent  halotypes.  Comparisons  of  the 
class  II  human  genes  and  of  the  HLA-D 
region  with  homologous  regions  of  the 
mouse  and  cattle  revealed  that:  (1)  the 
class  II  o  and  S  genes  are  probably  de¬ 
rived  from  a  common  ancestral  gene  be¬ 
longing  to  the  immunoglobulin  supergene 
family;  (2)  probably  early  at  or  before 
the  mammalian  speciation  a  chromosomal 
segment  encompassing  an  a  and  a  6  gene 
was  repeatedly  duplicated  to  the  progen¬ 
itors  of  the  present-day  DP,  DQ,  and  DR 
subregions;  and  (3)  further  duplications 
within  each  subregion  expanded  the  gene 
family  which  after  diversification  en¬ 
codes  an  increased  number  of  class  II 
antigens.  Andersson  thinks  that  it  may  be 
assumed  that  a  larger  number  of  class 
antigens  expressed  in  an  individual  might 
be  advantageous  with  regard  to  the  immune 
response . 

The  effects  of  clindamycin  on  leuko¬ 
cyte  membrane  receptors  and  function  were 
studied  by  A.  Ness  (Medical  Department  B, 
Haukeland  Hospital,  University  of  Bergen, 
Norway) .  Rosette  tests  for  the  demonstra¬ 
tion  of  membrane  receptors  were  performed 
on  granulocytes  and  lymphocytes  after 
preincubation  in  various  amounts  of  clin¬ 
damycin  up  to  50  mg/1.  This  compound  is 
an  antibiotic  which  accumulates  intracel¬ 
lular  ly  in  granulocytes.  Incubation  in 
clindamycin  was  associated  with  an  in¬ 
crease  in  the  proportion  of  granulocytes 
and  lymphocytes  bearing  receptors  for  the 
Fc  portion  of  IgG  (FCy  R)  and  of  granu¬ 
locytes  bearing  receptors  for  C3b  (C3bR) . 
Phagocytosis,  as  measured  by  granulocyte 
chemiluminescence,  was  unchanged  after 
incubation.  Preincubation  of  granulocytes 
in  clindamycin,  while  causing  an  increase 
in  the  proportion  of  cells  bearing  phago¬ 
cytosis-associated  receptors,  did  not 
cause  an  increase  in  phagocytosis. 

A  study  on  the  activation-dependent 
phosphorylation  of  endogenous  PkC  sub¬ 
strates  in  human  quiescent  T-lymphocytes 
was  reported  by  K.  Noreus  (Institute  for 
Applied  Cell  and  Molecular  Biology,  Uni¬ 
versity  of  Umei,  Sweden).  Activation  of 
quiescent  human  T-lymphocytes  with  phor- 
boester,  synthetic  diacylglycerol  analo¬ 
gues  and  antibodies  specific  for  the 
antigen-receptor-associated  CD3  antigen, 
results  in  the  rapid  phosphorylation  of  a 
protein  of  80  kDa  and  a  19  kDa  cellular 
protein.  The  80  kDa  protein  is  analogous, 
according  to  Noreus,  to  the  previously 
described  putative  substrate  for  the 
Ca^‘*'-activated  phospholipid-dependent  PkC 
while  the  identity  of  the  19  kDa  protein 
is  unknown.  Noreus  and  coworkers  showed 
that  this  latter  protein  was  variably 
phosphorylated  at  serine  residues,  and 
three  distinct  phosphorylation  forms  ap¬ 


peared  after  PkC  stim.ulation .  Using  the 
80  kDa  and  19  kDa  substrates  as  an  assay 
system,  these  investigators  showed  that 
the  appropriate  stimulation  of  quiescent 
T-lymphocytes  with  an  anti-CD3  antibody 
resulted  in  the  simultaneous  phosphoryla¬ 
tion  of  both  proteins.  Noreus  said  that 
the  biological  significance  of  these 
phosphorylation  events  is  indicated  by 
the  correlation  with  subsequent  induction 
of  autocrine  qrowth. 

B  Cells  and  Antibodies 

A  study  on  in  vivo  activated  auto¬ 
reactive  B-cell  clones  was  reported  by  A. 
Coutinho  (Department  of  Immunobiology, 
Pasteur  Institute,  Paris,  France).  The 
number  of  auto-reactive  B-cell  precursors 
in  normal  nonimmunized  mice,  has  been 
shown  to  be  highly  enriched,  for  within 
the  pool  of  in  vivo  activated  large 
B-cells,  as  compared  to  the  pool  of 
small  resting  B-cells.  In  this  study 
Couthino  and  coworkers  determined  the 
frequencies  of  anti-bromelein  PFC — i.e., 
a  model  system  currejitly  used  for  stud¬ 
ying  auto-reactive  B-cells.  Limiting  di¬ 
lution  analysis  (LDA)  of  small  and  large 
B-cells  from  athymic,  nude  mice  revealed 
that  the  frequencies  of  anti-BMRC  PFC 
were  very  low  and  equally  distributed 
among  large  and  small  B-cells,  in  con¬ 
trast  to  normal  mice  where  the  frequency 
of  anti-BMRC  PFC  was  10-fold  enriched 
within  the  large  B-cells.  Thus,  according 
to  Coutinho,  T-cells  could  play  an  im¬ 
portant  role  in  the  regulation  of  auto¬ 
antibody  production.  Nude  mice  were, 
therefore,  injected  with  low  numbers  of 
various  T-cell  subsets  and  later  assayed 
for  auto-reactive  B-cell  precursors  with¬ 
in  the  large  and  small  B-cell  compart¬ 
ments.  The  results  demonstrated  that  T- 
cell-reconstituted  nude  mice  have  fre¬ 
quencies  of  anti-BMRC  PFC  similar  to 
normal  mice.  The  increased  numbers  of 
auto-reactive  B-cells  in  nude  mice  are, 
however,  only  obtained  after  reconstitu¬ 
tion  with  certain  T-cell  subsets,  ac¬ 
cording  to  Coutinho. 

The  induction  of  DNA  synthesis  and 
phenotypical  changes  of  activated  B-cells 
was  studied  by  M.  Carlsson  (Department  of 
Pathology,  University  of  Uppsala  and  De¬ 
partment  of  Tumor  Biology,  Karolinska 
Institute,  Stockholm,  Sweden) .  The  rest¬ 
ing  human  B-cell  has  the  option  to  dif¬ 
ferentiate  with  or  without  proliferation 
upon  physiological  triggering  by  antigen 
and  T-cell  and  monocyte-derived  factors. 
Carlsson  and  coworkers  had  previously  de¬ 
scribed  a  human  monoclonal  model  for 
studying  B-cell  differentiation  of  phor- 
bol  ester  (TPA) -stimulated  B-chronic 
lymphocytic  leukemia  (B-CLL)  cells.  After 
TPA  activation  of  the  resting  GO  cells, 
they  enter  GIA,  as  determined  by  acridine 
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orange  staining  of  cells  measured  by  flow 
cytometry.  A  minority  of  the  cells  then 
become  arrested  in  the  GIB  phase  of  the 
cell  cycle.  The  minimal  proliferation 
measured  was  due  to  contaminating  T- 
cells.  The  B-CLL  cells  also  responded  by 
altering  their  phenotype  to  become  IgM 
secretory  lymphoblasts-plasmablasts . 

Other  events  studied  that  were  as¬ 
sociated  with  the  differentiation  were; 
(1)  the  induction  of  the  two  proto-onco¬ 
genes  and  j-ryo;  (2)  the  changes  in 
the  expression  of  several  surface  anti¬ 
gens;  and  (3)  changes  in  RNA/DNA  levels, 
similar  to  those  observed  in  mitogen- 
activated  normal  human  B-cells.  Together 
these  results  suggest,  according  to 
Carlsson,  that  B-CLL  represents  a  mono¬ 
clonal  B-cell  model  for  GO  B-cells  in¬ 
ducible  to  differentiation  without  con¬ 
comitant  proliferation.  In  the  present 
study,  these  investigators  showed  that 
significant  DNA  synthesis  is  inducible  in 
TPA-exposed  B-CLL  cells  by  the  addition 
of  BSF  containing  hybr idoma-der ived  su¬ 
pernatant  both  under  serum  and  serum-free 
conditions.  Furthermore,  it  was  found 
that  several  surface  antigens  increased 
their  expression  by  this  addition.  Carls¬ 
son  and  coworkers  also  found  that  the  DNA 
synthesis  was  not  dependent  on  the  con¬ 
taminating  T-cells,  which  were  sorted  out 


that  GORK-Tm  was  strongly  reduced  in 
suppressive  capacity  compared  to  GORK, 
whereas  Hy  1.2-M12  was  equally  efficient 
as  the  Hy  1.2,  thus  indicating  a  decisive 
role  for  the  FcR  binding  in  inducing 
feedback  immunosuppression,  according  to 
Heyman.  This  interpretation  was  confirmed 
by  showing  that  the  monoclonal  anti-FcR 
antibody  24G2  could  almost  completely 
inhibit  IgG-mediated  immunosuppression. 

A  report  on  a  functional  idiotypic 
network  among  "naturally"  activated  anti¬ 
bodies  was  presented  by  I.  Lundquist 
(Laboratory  of  Immunobiology,  Pasteur 
Institute,  Paris,  France) .  Lundquist  is  a 
member  of  Coutinho's  group.  The  network 
theory  proposed  by  Jerne  in  1974  opened 
new  perspectives  on  the  regulation  of  im¬ 
mune  responses  and  led  to  the  demonstra¬ 
tion  of  a  potential  antibody  network.  Re¬ 
cently,  this  group  has  provided  evidence 
for  the  existence  of  a  formal  idiotypic 
network  in  the  actual  repertoire — that 
is,  among  activated  lymphocytes  and  nat¬ 
ural  antibodies.  In  order  to  determine 
the  significance  of  such  idiotypic  inter¬ 
actions  these  investigators  have  now 
analyzed  normal  nonmanipulated  BALB/c 
mice  for  their  serum  expression  of  two 
complementary  idiotypes  and  have  found 
cyclic  expression  patterns  that  seem  to 
be  interdependent.  Furthermore,  immuni¬ 


by  using  a  flow  cytometer.  Thus,  these 
investigators  have  described  a  model  for 
studying  B-cell  differentiation  with  and 
without  concomitant  DNA  synthesis. 

An  investigation  of  the  binding  of 
IgG  to  Fc  receptors  (FcR)  was  carried  out 
by  B.  Heyman  (Department  of  Immunology, 
University  of  Uppsala,  Sweden).  IgG-anti- 
SRBC  (sheep  erythrocytes)  can  suppress 
more  than  99  percent  of  the  anti-SRBC 
response  if  injected  into  mice  in  close 
association  to  the  antigen.  F(ab')2  frag¬ 
ments  are  1000  times  less  efficient  than 
intact  IgG  molecules.  Heyman  and  co¬ 
workers  investigated  which  of  the  effec¬ 
tor  functions  of  the  Fc  part  is  required 
for  intact  feedback  immunosuppression. 
They  used  two  pairs  of  monoclonal  IgG- 
anti-TNP  antibodies:  GORK/GORK-Tm  and  Hy 
1.2-M12.  Gork-Tm  antibodies  were  produced 
by  GORK  hybridoma  cells  grown  in  medium 
containing  the  glycosylation  inhibitor, 
tunicamycin.  These  antibodies  lacked  car¬ 
bohydrate  chains  and  thereby  the  ability 
to  activate  complement  and  to  bind  to  Fc 
receptors,  but  retained  the  same  antigen 
binding  capacity  as  the  GORK  antibodies. 
Hy  1.2-M12  is  a  mutant  line  of  Hy  1.2 
with  impaired  ability  to  activate  comple¬ 
ment  but  with  the  same  ability  to  bind 
FcR  and  TNP  as  wild-type  antibodies. 
These  four  antibodies  were  compared,  at 
equal  hemagglutinating  titers,  for  abil¬ 
ity  to  suppress  the  in  vitro  immune  re¬ 
sponse  to  SRBS-TNP.  It  was  demonstrated 


zation  with  physiological  amounts  of 
either  idiotypic  antibody  resulted  in 
drastic  consequences  for  the  expression 
of  both.  Taken  together,  these  results 
strongly  suggest,  according  to  Lundquist, 
the  functionality  of  the  idiotypic  net¬ 
work. 

Interferon  (IFN) -triggered  differen¬ 
tiation  of  chronic  B-CLL  cells  in  serum- 
free  (SF)  medium  was  studied  by  K. 
Nilsson  (Departments  of  Clinical  Immunol¬ 
ogy  and  Pathology,  University  Hospital, 
Uppsala,  Sweden) .  SF  culture  conditions 
would  be  preferable  when  studying  the 
cellular  and  molecular  regulation  of  B- 
cell  activation,  proliferation,  and  dif¬ 
ferentiation.  Nilsson  and  coworkers  found 
that  8/10  B-CLL  clones  cultured  in  SF 
medium  with  phorbol  ester  (TPA)  acquired 
blastoid  morphology  and  started  to  se¬ 
crete  IgM,  although  at  levels  lower  (20 
percent)  than  in  serum-containing  cul¬ 
tures.  Native  and  recombinant  IFN-a  and 
recombinant  IFN-y  (5  to  100  lU/ml)  were 
found  to  specifically  induce  the  same 
changes  in  most  B-CLL  clones,  and  pre¬ 
activation  of  the  cells  was  not  needed. 
None  of  the  agents  induced  significant 
DNA  synthesis.  A  panel  of  Mabs  to  pre-B 
(CALLA=CD10)  and  resting  B  (HH  1)  cells, 
early  (4F2,  CD23)  and  late  (CD25,  T9) 
B-cell  activation,  and  terminal  plasma 
cell  (TIO)  antigens  were  applied  to  IFN- 
induced  B-CLL  cells.  Clones  responding 
with  IgM  secretion  lost  HH  1  but  acquired 
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the  early  and  late  activation  markers  and 
TIO.  CALLA  (CDIO)  appeared  on  substantial 
numbers  of  activated  cells.  Thus,  Nilsson 
and  coworkers  think  that  B-CLL  cultured 
under  SP  conditions  is  a  useful  mono¬ 
clonal  model  for  studies  on  the  molecular 
regulation  of  human  B-lymphocytes . 

Genes  and  Gene  Expression  in  Lymphoid 
Cells 

The  molecular  cloning  of  a  membrane 
antigen  complementary  DNA  (cDNA)  from  a 
pancreatic  islet  cDNA  library  was  re¬ 
ported  by  M.  Altieri  (Hagedorn  Research 
Laboratory,  Gentofte,  Denmark).  Naturally 
occurring  autoantibodies  have  been  linked 
to  autoimmune  diseases,  but  they  have 
also  been  detected  in  normal  humans  and 
animals.  In  order  to  study  the  antigens 
of  natural  autoantibodies  Altieri  and  his 
group  produced  several  monoclonal  auto¬ 
antibodies  from  unimmunized  prediabetic 
BB/H  rats,  an  inbred  strain  with  high 
frequency  of  spontaneous  autoimmune  dia¬ 
betes  mellitus.  Immunoblots  of  membrane 
preparations  from  these  rat  tissues  and 
seven  different  rat-transformed  cell 
lines  were  probed  with  EA512,  one  of  the 
monoclonoal  autoantibodies  of  the  IgM 
class.  In  addition,  a  lambda  gtll  cDNA 
library  from  rat  pancreatic  islets  was 
screened  with  the  same  antibody,  and  six 
independent  clones  were  isolated.  The 
largest  clone — a  cDNA,  2000  base  pairs 
long — hybridized  to  the  other  five 
clones.  A  computer-assisted  analysis  of 
partial  sequences  of  this  clone  revealed 
a  strong  homology  to  mammalian  Alu-type 
repeated  sequences,  probably  lying  on  the 
3 ' -nontranslated  sequence  of  the  cDNA, 
while  a  sequence  thought  to  be  in  the 
coding  frame  did  not  show  any  homology  to 
any  known  sequence.  Thus,  the  results 
show  the  identification  and  molecular 
cloning  of  a  new  membrane  antigen,  ubiq¬ 
uitous  in  most  of  the  tissues  but  with 
some  specificity  in  insuloma  cells  and, 
perhaps,  in  pancreatic  islets,  which  is 
the  target  of  a  natural  BB/H  rat  auto¬ 
antibody. 

VH  (variable  heavy  chain)  sequence 
analysis  of  antibodies  with  different 
degrees  of  degenerate  recognition  was 
reported  by  L.  Carlsson  (The  Unit  for  Ap¬ 
plied  Cell  and  Molecular  Biology,  Univer¬ 
sity  of  UmeS,  Sweden).  Evidence  has  re¬ 
cently  been  presented  in  support  of  the 
existence  of  a  formal  idiotypic  network 
as  well  as  for  the  functional  consquences 
resulting  from  this  type  of  internal  in¬ 
teractions.  Using  collections  of  B-cell 
hybridomas  of  normal  mice,  Carlsson  and 
his  group  had  previously  shown  that  such 
idiotypic  complementarities  occur  in  very 
high  frequency  in  the  internally  acti¬ 
vated  pool  of  B-cells  in  newborn  mice.  A 
fraction  of  these  clones  have  also  been 


demonstrated  to  be  "multireactive,"  a 
characteristic  which  in  newborn  individ¬ 
uals  appears  to  correlate  with  the  usage 
of  VH  genes  of  the  7183  VH  gene  family. 
In  contrast,  hybridomas  isolated  from  the 
same  family  do  not  show  this  correlation, 
according  to  Carlsson.  In  order  to  in¬ 
vestigate  the  structural  basis  for  this 
discrepancy,  these  investigators  have  now 
determined  the  VH  and  VL  (variable  light 
chain)  sequences  of  a  number  of  hybrid¬ 
omas  representing  either  of  these  two 
groups . 

A  study  on  the  regulation  of  immuno¬ 
globulin  (IgG)  transcription  rates  in 
lipopolysaccharide  (LPS) -stimulated  B- 
lymphocytes  was  presented  by  F.  Ivars 
(Unit  of  Applied  Cell  and  Molecular  Biol¬ 
ogy,  UmeS  University,  Sweden) ,  in  col¬ 
laboration  with  M.  Davis  (Department  of 
Medical  Microbiology,  Stanford  Univer¬ 
sity,  California) .  These  investigators 
prepared  constructs  of  T-cell  receptor 
(TCR)a  and  B  chain  genes  from  the  pigeon 
cytochrome  C  specific  T-cells  2B4  and 
5C.C7.  For  the  TCRa  chains,  the  expres¬ 
sed  variable  genes  were  constructed  from 
a  combination  of  genomic  and  cDNA  clones. 
For  expression  studies  in  tissue  culture 
cells,  two  approaches  were  used:  (1) 
transient  expression  was  assayed  by 
fusing  the  coding  regions  of  the  con¬ 
structs  to  the  human  Cytomegalovirus 
(CMV)  early  promoter /enhancer  ,*  and  (2) 
the  entire  genes  were  linked  to  select¬ 
able  genetic  markers  for  stable  introduc¬ 
tion  into  lymphoid  cells.  Ribonuclease 
(RNase)  protection  assays  indicated  that 
RNA  transcribed  from  the  CMV-TCR  con¬ 
structs  introduced  into  L-cells  is  proc¬ 
essed  identically  to  transcripts  of  the 
TCR  genes  in  the  original  T-cells.  TCR 
gene  constructs  with  or  without  the  IgG 
heavi  chain  enhancer  inserted  into  the 
TCR  J-C  intron  were  stably  introduced 
into  both  T-cells  (EL4)  and  B-cells 
(J558L) .  RNA  analysis  indicated  that  the 
IgG  heavy  chain  enhancer  increases  ex¬ 
pression  of  TCR  genes  by  several  fold  in 
both  T-  and  B-cells.  In  addition,  trans¬ 
fected  lines  were  found  to  produce  the 
2B4a  chain  protein  as  detected  by  immuno¬ 
fluorescence  and  immunoprecipitation 
using  a  Mab  specific  for  the  protein. 

A  report  on  the  regulation  of  IgG 
transcription  rates  in  lipopolysaccharide 
(LPS) -stimulated  B-lymphocytes  was  given 
by  I.L.  Martensson  (Department  of  Immu¬ 
nology,  University  of  Uppsala,  Sweden) . 
Mouse  spleenic  B-lymphocytes  stimulated 
with  LPS  IK  vitro  will  proliferate  and 
differentiate  into  IgG-secreting  cells. 
If  anti-IGM  antibodies  to  protein  kinase 
C  (PkC) -activating  phorbol  esters  are 
added  with  the  LPS,  the  B-cells  pro¬ 
liferate  equally  well,  but  the  rate 
of  IgG  secretion  is  greatly  diminished. 
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according  to  Martensson.  This  phenomenon 
is  concomitant  with  decreased  steady- 
state  levels  of  IgM  messenger  RNA  (mRNA) , 
and  Sl-analysis  showed  that  anti-IgM  and 
phorbol  esters  suppressed  mRNA  coding  for 
the  secreted  form  of  IgM,  showing  that 
these  additives  affect  splicing  of  IgG 
primary  transcripts.  By  "run-on"  anal¬ 
ysis,  a  decreased  rate  of  transcription 
of  the  IgM  locus  was  observed  by  Martens¬ 
son  and  coworkers  in  cultures  treated 
with  anti-IgM  or  phorbol  esters.  These 
investigators  conclude  that  IgG  gene  ex¬ 
pression  is  controlled  at  the  level  of 
transcription  in  untransformed  B-lympho- 
cytes,  unlike  what  is  found  in  tumors 
derived  from  the  same  cell  lineage. 

Transient  gene  expression  was  stud¬ 
ied  by  T.  Leanderson  (Department  of  Im¬ 
munology,  University  of  Uppsala,  Sweden). 
Leanderson  and  his  group  established  a 
protocol  for  transfection  of  murine 
spleen  cells  by  the  DEAE  dextran  method. 
For  this  purpose,  plasmid  constructs  were 
utilized  containing  the  prokaryotic  CAT- 
gene  (chloramphenicol  acetyitransferase) 
under  regulation  of  the  kappa  light  chain 
promoter,  the  metallothionine  promoter, 
and  various  enhancer  segments.  The  metal¬ 
lothionine  promoter  segment  gave  some  CAT 
expression  in  the  absence  of  an  enhancer, 
while  the  kappa  promoter  did  not.  Fur¬ 
thermore,  the  Ig-j  enhancer  was  active  in 
B-lymphocytes  only,  with  an  efficiency 
comparable  to  that  observed  in  a  B-cell 
tumor.  In  T-lymphocytes ,  CAT  expression 
was  observed  with  the  SV40  enhancer  but 
not  with  the  Ig  enliancer,  while  the  Ig 
enhancer  was  more  efficient  than  the  SV40 
enhancer  in  B-cells.  Thus,  the  Ig  en¬ 
hancer  is  more  restricted  to  the  B  lin¬ 
eage  than  the  Ig  promoter.  Therefore, 
according  to  Leanderson,  this  tranfection 
system  can  be  used  to  study  gene  expres¬ 
sion  in  untransformed  cells. 


New  Immunological  Methods 

A  new  technique  using  immune-scan¬ 
ning  electron  microscopy  for  rapid  cyto¬ 
megalovirus  (CMV)  detection  was  presented 
by  P.H.  Larsson  (Department  of  Immunol¬ 
ogy,  University  of  Stockholm,  Sweden). 
Mabs,  specific  for  human  CMV  envelope 
epitopes,  were  coryjugated  to  latex  micro¬ 
spheres  that  were  already  labeled  with 
rabbit  antimouse  IgG.  The  beads  were 
incubated  with  serum  or  urine  from 
patients,  and  then  collected  on  a  smooth 
polycarbonate  filter  surface  which  was 
analyzed  in  a  scanning  electron  micro¬ 
scope.  Size,  immunological  specificity 
and  relative  quantity  of  virus  particles 
were  determined  within  2  hours  in  a  scan¬ 
ning  electron  microscope  by  the  visuali¬ 
zation  of  virus  particles  specifically 
bound  to  the  microspheres .  No  virus  par¬ 
ticles  were  defected  in  the  various  con¬ 


trols.  According  to  Larsson,  this  method 
makes  it  possible  to  identify  extracel¬ 
lular  viruses  within  a  few  hours  in  dif¬ 
ferent  body  fluids  and  may  be  used  for 
general  virus  diagnosis. 

Thiophilic  adsorption  for  the  puri¬ 
fication  of  monoclonal  and  polyclonal 
antibodies  from  sera  and  hybridoma  cul¬ 
ture  supernatants  was  discussed  by  J. 
Hoorfar  (Department  of  Animal  Physiology 
and  Department  of  Plant  Physiology,  Royal 
Veterinary  and  Agricultural  University 
and  The  Protein  Laboratory,  Copenhagen, 
Denmark) ,  A  new  principle  of  protein 
fractionation  and  its  use  for  IgG  purifi¬ 
cation  has  been  described  recently.  The 
mechanism  for  thiophilic  adsorption  chro¬ 
matography  is  unknown,  but  it  resembles 
hydrophobic  interaction,  since  the  bind¬ 
ing  occurs  at  high  ionic  strength  and 
elution  at  low  ionic  strength.  Under 
certain  conditions  thiophilic  adsorption 
is  highly  specific  for  immunoglobulins, 
and  can  be  an  alternative  method  to  pro¬ 
tein  A  affinity  chromatography,  especial¬ 
ly  when  this  fails  for  IgG' s  of  rat, 
goat,  and  chicken.  Hoorfar 's  studies  in¬ 
volved  goat  antisera,  rat  sera,  and  mouse 
hybridoma  supernatants.  For  comparison, 
rabbit  and  chicken  antisera  were  studied. 
Both  polyclonal  and  monoclonal  antibodies 
can  be  purified  from  crude  sera  or  super¬ 
natants  according  to  Hoorfar,  but  adsorp¬ 
tion  conditions  must  be  optimized  for 
each  application,  Hoorfar  and  coworkers 
performed  batch  and  gradient  elution  ex¬ 
periments  which  were  analyzed  by  electro- 
immunoprecipitation  methods. 

The  development  of  a  sensitive 
solid-phase  enzyme  linked  immunoassay  for 
human  gamma-interferon  was  carried  out  by 
P.  Pisa  (Department  of  Immunology,  Karo- 
linska  Institute,  Stockholm,  Sweden), 
Many  in  vitro  as  well  as  in  vivo  studies 
have  shown  the  importance  of  yinterferon 
(■y-IFN)  in  immunoregulation .  A  defect  in 
the  production  of  y-IFN  has  been  shown  in 
several  diseases  to  cause  a  higher  inci¬ 
dence  of  viral  infections.  On  the  con¬ 
trary,  an  overproduction  is  associated 
with  a  depression  in  bone  marrow  func¬ 
tion.  The  classical  antiviral  bioassay 
for  detecting  y-IFN  has  disadvantages, 
namely,  the  cross-reactivity  of  different 
interferon  classes.  Commercially  avail¬ 
able  radioimmunoassay  is  expensive  and 
requires  equipment  for  handling  of  un¬ 
stable  radioactive  reagents.  Therefore, 
Pisa  and  coworkers  have  developed  a 
solid-phase  sandwich  enzyme-linked  im¬ 
munoassay.  It  enables  the  detection  of 
natural  as  well  as  recombinant  human 
y-IFN  down  to  4  to  8  lU/ml.  It  employs 
the  combination  of  an  antimurine  sera  and 
a  murine  anti-y-IFN  Mab  for  binding  it  to 
the  surface  and  a  rabbit  anti-y-IFN  serum 
for  detecting  it.  No  cross-reactivity 
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with  lymphoblastoid  or  leukocyte  inter¬ 
feron,  tumor  necrosis  factor,  or  inter¬ 
feron  of  other  species  has  been  detected. 
According  to  Pisa,  this  rapid,  reliable, 
sensitive  and  highly  specific  assay  is 
usable  for  clinical  and  experimental 
evaluation  of  y-IFN.  He  and  his  group 
are  currently  testing  the  y-IFN  produc¬ 
tion  in  bone  marrow  of  patients  with 
myelodysplastic  syndrome. 

A  plaque-forming  cell  assay  for 
identification  of  anti-DNA  antibody- 
producing  cells  was  developed  by  V.  An¬ 
dersen  (Laboratory  of  Medical  Immunol¬ 
ogy,  Rigshospital  and  The  Hybridoma  Lab¬ 
oratory  for  Autoimmune  Serology,  State 
Serum  Institute,  Copenhagen,  Denmark). 
For  the  development  of  a  hemolytic 
plaque-forming  cell  assay  specific  for 
anti-DNA  antibody  production,  Andersen 
and  coworkers  used  DNA-coated  sheep  red 
blood  cells  (DNA-SRBC) ,  conjugated  with 
the  aid  of  poly-L-lysine .  Murine  hy¬ 
bridoma  cells  producing  antibodies 
against  DNA,  and  target  cells  were  in¬ 
cubated  in  0.5  percent  agarose  gel  to¬ 
gether  with  secondary  antiserum.  Com¬ 
plement  was  added  after  30  minutes,  and 
the  plaques  appeared  within  4  hours.  The 
plaques  are  inhibited  by  free  DNA.  No 
plaques  were  seen  when  uncoated  SRBC  were 
used  as  target  cells  or  when  DNA-SRBC 
were  incubated  with  control  hybridoma 
cells  producing  antibodies  against  irrel¬ 
evant  antigens.  The  number  of  plaques 
obtained  with  DNA-SRBC  as  target  cells 
was  found  to  be  identical  with  protein-A- 
conjugated  SRBC.  Preliminary  results  have 
shown  that  by  this  assay  DNA-specific 
antibody-producing  cells  can  be  identi¬ 
fied  among  spleen  cells  from  NZB/W  F  mice 
and  blood  lymphocytes  from  patients. 

The  binding  of  IgE  and  anti-IgE  to 
peripheral  blood  cells  (basophils)  was 
determined  by  flow  cell  cytometry  and 
sorting  by  P.Matsson  (Pharmacia  Diagnos¬ 
tics,  Uppsala,  Sweden).  The  basophilic 
leukocyte  is  involved  in  the  induction  of 
the  immediate  hypersensitivity  reactions, 
and  the  cell  may  also  play  an  important 
role  in  late  phase  reactions.  The  ceils 
are  stimulated  to  release  histamine,  leu- 
kotriennes,  and  other  inflammatory  media¬ 
tors  by  the  bridging  of  surface  IgE  anti¬ 
bodies  by  appropriate  allergens.  To  allow 
a  thorough  evaluation  of  the  basophil 
frequency — normally  0.5  to  1.15  percent 
of  the  leukocyte  population — and  their 
degree  of  IgE  binding,  Matsson  and  his 
group  have  established  a  flow  cytometric 
method  for  sorting  and  analysis  of 
basophilic  leukocytes  from  human  periph¬ 
eral  blood.  The  cells  were  labeled  either 
with  rabbit  anti-IgE  (F(ab')2)  followed 
by  FITC  conjugated  goat  anti-rabbit 
(F(ab')2),  cr  FITC-con jugated  IgE,  or 
with  IgE  followed  by  anti-IgE.  The  fre¬ 


quency  of  basophils,  defined  as  alcien 
blue  staining  cells,  was  determined  by 
microscopy  in  sorted  IgE  positive  and  IgE 
negative  cell  populations.  The  resulting 
purity  of  basophils  labeled  with  anti-IgE 
was  50  to  90  percent.  By  priming  the 
cells  with  FITC-con  jugated  IgE  a  purity 
of  up  to  40  percent  of  basophils  could  be 
obtained.  The  FITC-con jugated  IgE  labeled 
much  fewer  cells  compared  to  anti-IgE, 
and  those  cells  were  also  labeled  less 
intensively.  By  using  the  (F(ab')2) 
fragmented  antibodies,  the  nonspecific  Fc 
binding,  normally  6  to  15  percent  of  the 
total  population,  could  be  avoided.  Thus, 
Matsson  said  that  flow  cytometry  provides 
a  highly  reproducible  method  to  study 
receptor-bound  IgE  and  free  receptors  by 
use  of  anti-IgE  and  IgE  binding  to  pe¬ 
ripheral  leukocytes.  In  aauition,  it  al¬ 
lows  a  frequency  determination  of  labled 
cells  as  well  as  a  specific  enrichment  of 
cells  for  further  analysis  or  culcuring. 

Conclusion 

The  symposia  presentations  at  this 
immunology  conference  consisted  essen¬ 
tially  of  reviews  of  the  various  areas  of 
immunology  research  outlined  in  the  in¬ 
troduction  to  this  report.  Therefore,  all 
of  the  selected  summaries  presented  above 
have  been  taken  from  workshop  sessions  at 
which  new  data  was  given.  Since  this 
meeting  was  a  Scandinavian  immunology 
conference,  the  research  work  was  primar¬ 
ily  that  of  Scandinavian  immunologists. 
It  is  evident  from  the  presentations  that 
immunology  research  in  the  Scandinavian 
countries  is  continuing  at  its  usual  high 
level . 
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BIOTECHNOLOGY  AT  WARREN  SPRING  LABORA¬ 
TORY,  STEVENAGE,  UK 

by  Claire  F.  Zomzely -Neurath . 


The  Biotechnology  Division  of  Warren 
Spring  Laboratory  (WSL)  offers  a  range  of 
technical  and  technico-economic  expertise 
to  the  biotechnologies  and  manufacturing 
industries.  The  group  undertakes  contract 
research  and  development  (R&D) ,  consult¬ 
ancy,  and  multicustomer  club  ventures. 
The  division  has  expertise  in  bioprocess 
development  and  innovation,  and  aids  com¬ 
panies  in  maximizing  their  share  of  bene¬ 
fits  from  biotechnology.  WSL  has  been 
providing  a  service  to  the  biotechnology 
industries  for  20  years.  Currently,  the 
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'  Biotechnology  Division  is  active  in  four 

1  areas  of  processing: 

•  Downstream  processing  (BIOSEP) ,  pri¬ 

mary  separation,  membrane  processing 
'  •  Bacterial  genetics,  genetic  control 

'  of  auto-flocculation  as  aids  to  proc- 

I  essing 

[  •  Safety  (IBC),  containment,  and  risk 

assessment  of  bioprocesses,  aerobio- 

j  logical  monitoring 

I  •  Industrial  biotechnology,  biohydromet- 

'  allurgy,  microbial  corrosion,  thermo- 

'  philic  bacteria. 


The  Biotechnology  Division  possesses 
comprehensive  laboratory  and  pilot  plant 
facilities  and  also  combines  its  exper¬ 
tise  with  that  of  other  divisions  within 
WSL.  Created  in  1959,  the  Warren  Spring 
Laboratory  and  all  its  divisions  is  an 
industrial  research  establishment  of  the 
Department  of  Trade  and  Industry. 


1 


Figure  1 .  The  dielectrophoretic  recovery 
of  F.  colt  cells  onto  an  electrode  in 
an  alternating  (100  kHz)  electric  field 
(50  V  cm~  ' )  . 


Downstream  Processing  (BIOSEP) 

BIOSEP  is  a  multiclient  club  venture 
which  has  a  large  membership  of  fee  pay¬ 
ing  companies  from  an  array  of  different 
industries,  including  the  agricultural, 
food,  fine  and  organic  chemical,  and  med¬ 
ical  and  pharmaceutical  sectors.  It  pro¬ 
vides  design  information,  consultancy, 
and  an  extensive  R&D  program  on  down¬ 
stream  processing.  The  service  is  based 
in  the  UK  and  is  managed  by  WSL  and  Har¬ 
well  and  is  partly  financed  by  the  De¬ 
partment  of  Trade  and  Industry.  Close 
collaboration  between  the  BIOSEP  tech¬ 
nical  staff  and  the  member  companies  en¬ 
sures  that  state-of-the  art  and  design 
reports  meet  the  industrial  needs  of  the 
membership  in  the  most  effective  way.  The 
extensive  RiD  program  is  guided  by  the 
member  firms  and  is  focused  in  three 
areas:  (1)  primary  separation,  (2)  mem¬ 
brane  processing,  and  (3)  chromatography. 
Half  of  this  program  is  undertaken  at 
Warren  Spring,  where  primary  separation 
and  membrane  processing  are  the  major 
activities;  this  work  is  being  done  at 
the  request  of  the  membership. 

Primary  Separation.  This  is  defined 
as  those  separation  activities  which  are 
carried  out  at  the  start  of  a  downstream 
processing  regime--at  the  fermentor  in¬ 
terface.  The  separation  processes  there¬ 
fore  encompass  such  techniques  as  whole- 
broth  extraction  and  broth  conditioning, 
in  addition  to  cell  and  cell  debris  re¬ 
covery.  Primary  separation  is  technical¬ 
ly  difficult  and  costly,  and  this  is  due 
to  the  large  volume  of  material  that  re¬ 
quires  processing,  the  problematical 
physical  and  biochemical  characteristics 
of  fermentation  broths,  and  the  lack  of 
suitable  separation  processes. 


At  Warren  Spring,  primary  separation 
is  being  developed  with  the  aim  of  re¬ 
ducing  the  overall  costs  and  complexity 
of  downstream  processing  regimes  by  the 
adoption  of  novel  separative  technol¬ 
ogies,  and  by  gaining  an  understanding  of 
the  biosurface  phenomena  associated  with 
primary  separation.  Two  technologies  cur¬ 
rently  being  studied  at  WSL  are  dielec¬ 
trophoresis  and  flocculation.  Dielec¬ 
trophoresis  affords  the  opportunity  of 
selective  product  recovery  from  cell  and 
cell  debris  suspensions.  The  dielectro¬ 
phoretic  recovery  of  specific  product 
biocolloids  occurs  in  alternating  and 
nonuniform  electric  fields.  The  dielec¬ 
tric  phenomenon  is  dependent  on  the 
capacitative  action  of  biocolloids  and  is 
unlike  electrophoresis.  The  emergence  of 
new  products  and  processes,  the  reduction 
in  processing  volumes,  and  the  number  of 
process  stages  are  all  likely  benefits  of 
the  application  of  dielectrophoretic  pro¬ 
cess  technology.  A  laboratory  pilot  scale 
separator  is  currently  being  evaluated, 
(see  Figure  1 ) . 

Cell  and  cell  debris  flocculation 
using  synthetic  polyelectrolytes  is  a 
fundamental  part  of  primary  separation  in 
many  process  regimes.  Biosurface  studies 
have  revealed  a  mechanistic  understand¬ 
ing,  leading  to  improved  control  of  the 
beneficial  and  detrimental  effects  of 
flocculant  usage.  The  mechanisms  of  cell 
flocculation,  and  the  subsequent  detri¬ 
mental  effects  of  residual  flocculant  on 
secondary  and  tertiary  separations,  are 
being  investigated  (see  Figure  2  and  3). 

Cross  flow  membrane  separation  is 
now  an  integral  part  of  downstream  proc¬ 
essing,  altliough  the  fouling  of  membrane 
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Figure  2.  Cell  Flocculation. 


surfaces  reduces  the  cost-effectiveness 
of  such  systems.  Microporous  and  ultra- 
filtration  membranes  are  prone  to  fouling 
and  the  consequential  flux  decline,  and 
cleaning  operations  and  membrane  replace¬ 
ments  can  be  costly.  WSL  is  improving  the 
performance  and  economics  of  membrane 
processes  by  applying  its  knowledge  of 
surface  fouling  mechanisms.  The  scien¬ 
tists  at  WSL  are  currently  evaluating  a 
wide  range  of  commercially  available  sys¬ 
tems,  including  ceramics  (See  Figure  4). 

Bacterial  Genetics.  Bacterial  Genet¬ 
ics  is  being  used  at  WSL  to  provide  solu¬ 
tions  for  genetic  processing  problems. 
Genetic  manipulation  is  a  powerful  addi¬ 
tional  complement  to  the  traditional  me¬ 
chanical  or  chemical  engineering  approach 
to  processing.  Currently,  the  main  area 
of  research  on  genetics  at  the  laboratory 
focuses  on  the  mechanism  for  controlling 
bacterial  surface  properties.  Many  of  the 
separation  techniques  (centrifugal  cell 
recovery)  and  processing  problems  (foul¬ 
ing  of  cross  flow  membranes)  encountered 
during  primary  separation  are  inexorably 
linked  with  the  surface  properties  of  the 
cells.  Control  over  these  cell  surface 
properties  becomes  feasible  from  an  un¬ 
derstanding  of  the  genetics.  The  scien¬ 
tists  at  Warren  Spring  think  that  such 
.studies  will  yield  significant  benefits 
in  improved  performance  and  economics  of 
pror-e  3  Sing. 

Bacterial  autoagqregat ion  is  depend¬ 
ent  on.  cell  surface  properties,  and  this 
p;heno,m“.’ior.  is  receiving  special  attention 


Figure  3.  Flocculation  of  E.  aoli  cells 
by  a  cationic  polyacrylamide. 


at  Warren  Spring.  The  ultimate  objectives 
of  the  research  program  are;  (1)  the 
transfer  of  the  aggregation  characteris¬ 
tic  to  bacterial  cells  which  do  not  nor¬ 
mally  exhibit  this  ability  and  (2)  the 
practical  control  of  bacterial  aggrega¬ 
tion  during  a  processing  regime  (see 
Figure  5)  .  Small  bacteria  are  difficult 
and  expensive  to  separate  and  dewater, 
and  hence,  many  bacterial  processes  which 
are  carried  out  at  reasonable  scales 
of  operation  incorporate  an  aggregation 
stage  prior  to  cell  recovery.  Currently, 
this  is  usually  achieved  by  the  use  of 
expensive  chemical  additives  or  physical 
treatments.  Thus,  a  genetics  solution  to 
the  problem  could  avoid  the  use  of  addi¬ 
tives  or  complex  treatments. 

Industrial  Microbiology 

Within  the  field  of  industrial  mi¬ 
crobiology,  WSL  provides  wide  expertise 
in  biohyrometallurgy — the  application  of 
microbes  for  leaching  metals  and  removing 
contaminants  from  minerals.  WSL  has  de¬ 
veloped  the  biological  leaching  of  metals 
including  copper,  nickel,  zinc,  and  ura¬ 
nium  from  both  large  lumps  of  ore  and 
finely  ground  sulphide  concentrates.  The 
scientists  at  WSL  are  also  using  bacteria 
to  pretreat  sulphides  for  enhancing  gold 
recovery  and  to  remove  sulphur  from  coal. 
In  current  research  they  are  investiga¬ 
ting  the  generation  of  useful  products-- 
enzymes,  for  example--from  thermophilic 
and  acidophilic  leaching  bacteria.  For 
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Figure  4.  Scanning  electron  microscopy  of  a  microporous  membrane:  left,  virgin 

right,  fouled,  after  passage  of  a  protein  solution. 
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dewa  to  ring. 


extracting  metals,  a  range  of  sulphide- 
oxidizing  bacteria,  active  in  acid  solu¬ 
tions  over  a  temperature  range  of  25  to 
70°C  is  being  used.  In  addition,  at  WSL 
they  also  use  microbes  capable  of  leach¬ 
ing  aluminum,  for  example,  from  alumina- 
silicates.  The  processes  range  from  sim¬ 
ple  leaching  of  clumps  of  rock  to  bacte¬ 
rial  digestion  of  fine  material  under 
controlled  conditions,  using  stirred  or 
air-agitated  reactors.  Experiments  range 
from  feasibility  studies  in  flasks  to 
continuous  leaching  on  a  tonnage  basis, 
using  their  extensive  pilot  plant  facili¬ 
ties  (Figure  6) . 

In  the  Biotechnology  and  Separations 
Division,  N.  Le  Roux  and  his  group  have 
built  up  expertise  over  the  past  tew 
years  in  exploiting  and  understanding 
bacteria  which  have  abilities  and  char¬ 
acteristics  which  set  them  apart  from  the 
more  "normal"  bacteria.  In  recent  years, 
the  term  "extremophi  le"  has  become  ac¬ 
cepted  as  a  broad  classification  of  or¬ 
ganisms  capable  of  functioning  in  rela¬ 
tively  harsh  conditions  of  high  tem¬ 
peratures,  acidity,  ionic  concentration, 
pressure,  etc.  Included  i n  Le  Roux's  rep¬ 
ertoire  at  WSL  are  archebacter  i  a  of  the 
Fulf  olohun  genus.  In  particular,  he  and 
his  group  have  a  strain  which  can  grow 
autotrophica  1  ly  while  oxidizinq  reduced 
iron  and  reduced  sulphur.  It  has  been 
grown  in  the  presence  of  copper  af  pH  6 
and  70 °C.  Currently,  if  is  q rowing  in 
continuous  culture  on  a  feedstoi-k  ot 
solid  mineral  substrate. 

The  study  of  the  aichobacfei la 
kingdom  is  still  somewhat  in  its  infancy, 
but  there  are  several  potential  applica¬ 
tions  in  biotechnology  for  t  tn>s<'  orga¬ 
nisms.  A  significant  amount  of  work  has 
been  done  with  thermophile  f  ri'ixi 
and  .  A,' genera,  but  because  o;  tlieir 
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The  European  Ml  c  r 'a- .  e  ■ '  ;  r.  i  ■  t  ,r.- 

ference  is  organized  i  ar.nua  1 y  i,y  the 
European  Liaison  Committet  :  tr.e  I.-.te.^- 
national  Society  for  Hybri::  Micr  lelec- 
tronics  (ISHM)  so  as  to  aiterr...ite  years 
with  the  Japanese  ISHM  con  fei  ence .  The 
6th  conference  in  the  series  was  held  in 
Bournemouth,  England,  from  3  through  6 
June  1987,  with  ISHM-UK  as  the  nost  chap¬ 
ter.  This  premier  event  in  hybrid  micro¬ 
electronics  in  Europe  drew  more  than 
650  delegates  from  25  countries.  In  addi¬ 
tion,  more  than  1000  people  other  than 
the  delegates  visited  the  Trade  Exhibi¬ 
tion,  staged  by  153  companies.  The  com¬ 
petition  to  present  papers  at  this  con¬ 
ference  is  quite  intense;  the  60  papers 
accepted  constituted  less  than  one-third 
of  the  number  submitted.  The  technical 
papers  were  a  mixture  of  basic  research 
and  applied  research  and  development, 
with  a  noticeable  bias  toward  applied 
research  and  development  compared  to  ear¬ 
lier  conferences  in  the  series.  This 
indicates  a  maturing  of  the  field,  al¬ 
though  there  is  still  a  need  for  funda¬ 
mental  research  in  a  number  of  areas 
critical  to  the  technology. 

This  conference  series  has  benefits 
to  the  participants  other  than  just  the 
dissemination  of  technical  information  in 
the  papers  presented.  It  provides  an  op¬ 
portunity  for  scientists  and  engineers  in 
the  hybrid  field,  from  all  over  Europe, 
to  get  together  once  every  2  years  and 
compare  notes  on  progress  and  problems. 
For  many  scientists,  particularly  those 
from  institutions  with  restricted  travel 
budgets,  this  is  the  only  conference  they 
attend  outside  of  their  native  country. 
The  exhibition  allows  the  participants  to 
view  the  most  advanced  equipment  and  ma¬ 
terials  available  to  the  industry. 

There  were  60  technical  papers  pre¬ 
sented  in  18  session  dealing  with: 

•  Assembly  and  processing 

•  Polymers  and  materials 
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ti :  j  r.- t.en  s  1 1  y  Interconnection  Systems 

Recent  advances  in  rr,  i  n  i  a  t  ur  i  za  t  ion 
r  silicon  integrated  circuits  are  Gre¬ 
at  ina  demands  for  much  higher  density 
ir.tercor.nection  systems,  and  a  wide  va¬ 
riety  of  approaches  tor  different  appli¬ 
cations  were  presented  at  EMC, '87.  For  the 
hiah  reliability  required  for  aerospace 
applications,  G.  Menozzi  of  Crouzet  Aero¬ 
space,  France,  concluded  that  thick  film 
multilayer  ceramic  is  the  best  of  the 
currently  available  technologies.  Surface 
mounting  technology  using  leadless  chip 
carriers  offers  an  intermediate  density, 
but  he  felt  that  the  growth  of  this  tech¬ 
nique  will  be  determined  by  whether  or 
not  the  price  of  the  leadless  chip  car¬ 
rier  becomes  comparable  to  that  of  the 
dual  inline  package.  A  new  and  very  prom¬ 
ising  technology  for  high-density  inter¬ 
connects  was  the  use  of  the  sputtered 
copper  as  the  conductor  and  spun  polyi- 
mide  as  the  dielectric;  this  was  de¬ 
scribed  by  M.V.  Coleman  (Standard  Tele¬ 
communications  Laboratories,  UK).  Lines 
and  spaces  of  50  urn  were  achieved  by  pho- 
todefining  the  copper  film.  While  fully 
polymerized  polyimides  are  inert  and  are 
corrosion  resistant,  it  was  shown  that  in 
the  partially  cured  state  fine  vias  50  urn 
by  50  urn  could  be  photodefined  to  the 
underlying  copper  tracks.  The  amount  of 
cure  was  shown  to  critically  affect  the 
ability  to  produce  contro 1 led-dimension 
vias . 

A  number  of  technologies  for  fine 
line  interconnects  have  been  evaluated  at 
GEC  Research  Ltd.,  UK,  as  discussed  by 
J.M.  Wheeler.  These  include  etching  of 
thin  print  thick  film  conductors,  photo- 
definition  and  plating  up  of  metallo- 
organic  prints,  and  advanced  printed  cir¬ 
cuit  board  techniques,  but  GEC ' s  prefer¬ 
ence  is  traditional  thick  film  screen 
printing.  They  have  shown  that,  with 
careful  selection  of  screen  materials 
using  high-resolution  emulsions  combined 


with  the  most  advanced  thick  film  inks, 
they  could  produce  hybrids  using  125-um 
design  rules. 

The  photoformed  ceramic  substrate 
(PCS)  described  by  D.  Deduk  of  DuPont 
(Deutschland)  GmbH,  West  Germany,  is  a 
novel  system  for  metal  powder  images 
transferable  into  corresponding  ‘‘ine  line 
conductors.  The  PCS  process  consists  of 
coating  the  substrates  with  a  thin  amor¬ 
phous  layer  of  a  mixture  of  nitrophenyl 
dyhydropyridine  derivatives,  and  exposing 
this  layer  through  a  mask  to  UV  light, 
thereby  transforming  it  into  a  tacky 
state.  Spherical  gold  powder  in  the  size 
range  1-2  urn  is  then  spread  over  the  sub¬ 
strate,  and  the  particles  adhere  to  the 
exposed  tacky  areas.  This  step  is  follow¬ 
ed  by  conventional  thick  film  firing.  The 
PCS  process  creates  high-resolution  con¬ 
ductors  with  capabilities  of  25-um  lines 
and  spaces,  and  excellent  edge  defini¬ 
tion  . 

Materials  in  Hybrid  Technology 

The  number  of  papers  dealing  with 
the  materials  aspects  of  hybrid  technol¬ 
ogy  were  considerably  fewer  than  at  pre¬ 
vious  conferences  in  this  series,  but  the 
ones  that  were  presented  were  quite  in¬ 
teresting.  Studies  at  the  University  of 
Modena,  Italy,  of  the  kinetics  of  dis¬ 
solution  of  alumina  substrates  into  dif¬ 
ferent  thick  film  glasses  for  different 
firing  times  and  temperatures  showed  that 
diffusion  was  the  r ate- i imi t ; ng  process 
in  all  cases,  and  tliat  the  compc's  1 1  lor. 
of  the  glass  greatly  affects  the  xirat- 
ics  of  dissolution.  The  amount  of  cuL- 
strate  dissolved  durina  typicj.  tr.i.-K 
film  firing  was  also  studied,  a:.u  it  was 
found  that  the  final  compos  1 1  i '  c,  ; 
glass  contained  10-20  percent 
substrate;  this  is  an  ippteciat  .•  »  •- 

feet . 

The  development  of  a  ;  :  ^  •  : 

producing  sm,a  1 1  ,  spherical,  ur. ;  ;  in-  .,-, 
gold  powders  for  use  in  a  lew  ,•  :  ,r  ,  r 

of  gold  thick  film  inks  for  piintinu  fi-. 
line  conductors  was  descr  iLe  ;  i.-,  :  .  :  . 

Stewart  of  Johnson  Matt)',ey  Maieiia.:  ,  "t. 
The  gold  powder  is  produced  by  ■  r!en. i  -.i . 
reduction  from  aqueous  solution,  ano  tn^■ 
critical  part  of  the  process  is  tfit  us>- 
of  a  colloidal  gold  with  paiticle  .size 
100-200  A  as  seeds  upon  whict;  the  cold  i 
deposited  from  solution.  A  surface  active 
agent  was  used  to  retard  the  formation  of 
new  nuclei,  and  the  seeds  were  grown  to 
the  required  size  by  control  of  the 
amounts  of  gold  and  reductant  in  solu¬ 
tion.  The  resulting  gold  powders  were 
monodispersed  and  spherical,  and  could  be 
manufactured  to  any  predetermined  diame¬ 
ter  in  the  range  0.3-1. 5  urn.  Using  these 
gold  powders  to  make  thick  film  inks,  the 
company  has  achieved  35-um  lines  and 
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spaces  in  the  laboratory  and  75-um  lines 
and  spaces  in  production. 

Surface  Mount  Technology 

There  were  many  papers  at  EMC/87 
which  dealt  with  surface  mount  technology 
(SMT)  in  one  form  or  another.  This  is 
understandable  considering  the  results  of 
an  ISHM  Europe  hybrid  market  survey  re¬ 
ported  at  the  closing  session  of  the  con¬ 
ference.  The  survey  showed  that  in  1980, 
SMT  on  printed  circuit  boards  (PCB) 
counted  for  less  than  1  percent  of  the 
total  hybrid  market,  but  had  increased  to 
10  percent  by  1986.  Even  more  impressive 
were  the  estimates  for  1990  provided  as 
part  of  the  market  survey,  which  pre¬ 
dicted  SMT  on  PCB  accounting  for  38  per¬ 
cent  :ot  the  total  hybrid  market. 

A  survey  for  automotive  electronics 
presented  by  R.  Dell'Acqua  of  Marelli 
Autronica  SpA,  Italy  concluded  that  SMT 
will  dominate  during  the  1990's  in  all 
Its  varieties.  Surface  mounted  thick  film 
hybrids  will  keep  their  share  for  under- 
hood  applications,  and  surface  mountina 
o.n  PCb's  will  cover  the  inside  passenger 
compart.T.ent  applications.  It  was  also 
predicted  that  surface  mounting  of  naked 
chips  on  cera.mic  will  grow  through  the 
1990's  to  fulfill  the  environmental  and 
relidbixity  requirements  for  the  engine 
.'crrpar  tment  electronics.  In  domestic 
telecommuriications ,  J.P.  Kandall  of  Brit¬ 
ish  Telecom,  UK,  predicted  that  SMT  on 
PCB  will  continue  to  be  the  dominant 
technology  in  telephone  exchanges  and  in 
the  home,  which  leaves  out-station  elec¬ 
tronics  in  the  local  network,  where  the 
circuits  must  function  over  a  wide  tem- 
pf^rature  range,  as  the  only  mass  market 
left  for  ceramic  hybrids. 

With  all  of  the  interest  in  SMT,  it 
wa;,  fitting  and  proper  that  the  last  pa¬ 
per  of  the  conference--by  P.L.  Kirby  of 
Welwyn  Electronics,  UK--was  a  historical 
uiscussion  of  interconnection  ’■echnology. 
•Surface  mount  technology  was  shown  to 
trace  its  origins  back  at  least  35  years, 
•SO  It  is  by  no  means  a  new  technology. 
The  very  rapid  growth  in  the  last  few 
years  was  shown  to  be  due  to  its  fortu¬ 
nate  compatibility  with  other  emerging 
technologies  to  make  a  synergetic  situa- 
tior..  Surface  mounting  is  emerging  as  an 
important  and  coherent  subject,  which, 
when  viewed  in  light  of  the  development 
of  computer  controlled  electronic  as¬ 
sembly  techniques,  can  claim  to  be  the 
fourth  generation  of  interconnection 
technology . 

Summary 

One  thing  that  was  very  apparent 
from  the  technical  program  at  EMC/87  was 
how  far  the  technology  has  moved  from  the 
concept  of  the  hybrid  and  an  assembly  of 


devices  on  a  ceramic  substrate  usually 
interconnected  by  thick  film  materials. 
There  were  papers  covering  many  alternate 
interconnection  technologies  including 
tape  automated  bonding,  surface  mount  on 
PCB,  metal  core  substrate.s,  additive  thin 
film,  and  a  \-ariety  of  fine  line  technol¬ 
ogies.  Many  of  these  new  techniques  were 
in  development  and  close  to  production. 
Hybrid  microelectronics  is  a  rapidly  de¬ 
veloping  industry  that  is  creating  op¬ 
portunities  as  the  interface  between  the 
ever-increasi.ng  complexity  of  silicon 
compounds  and  the  needs  of  the  physical 
world , 
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The  third  in  a  series  of  interna¬ 
tional  conferences  dealing  with  creep  and 
fracture  of  engineering  materials  was 
held  in  April  1987  at  the  University  Col¬ 
lege  of  Swansea,  UK.  This  conference  was 
chaired  by  Professo.  B.  Wilshire  and  Dr. 
R.W.  Evans  of  University  College  of  Swan¬ 
sea,  and  attracted  120  attendees.  Most  of 
the  attendees  were  from  Western  Europe, 
with  16  from  the  US,  14  from  the  Far 
East,  and  individual  representatives  from 
USSR  and  Czechoslovakia.  ONRL  provided 
partial  financial  support,  and  additional 
support  was  provided  by  the  Institute  of 
Metals,  the  European  Office  of  Aerospace 
Research  and  Development,  and  the  US  Army 
Research,  Development  and  Standardization 
Group,  UK.  Publication  of  the  proceedings 
(edited  by  B.  Wilshire  and  R.W.  Evans) 
prior  to  the  start  of  the  conference  was 
accomplished  through  the  Institute  of 
Metals,  London,  UK,  and  is  available  from 
the  institute  for  $110.00. 

The  conference  topics  were  divided 
into  the  following  categories,  where  the 
bracket  contain.s  the  number  of  papers 
presented : 

•  Mechanisms  of  creep  and  creep  fracture 
[16] 

•  Deformation  and  fracture  of  particle- 
strengthened  alloys  [9] 
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•  Creep  and  fracture  of  steels  [8] 

•  Da.T.aae  accuniulat  ion  and  creep  crack 
growth  [ 9  i 

•  Deformation  and  fracture  under  com¬ 
bined  creep  fatigue  conditions  [7] 

•  High-temperature  behavior  of  welds  [6] 

•  Creep  data  prediction  and  remanant 
lift  assessment  [13] 

•  High-temperature  performance  of  engi¬ 
neering  ceramics  [7]. 

Because  the  selection  of  topics  was 
extensive,  and  the  number  of  papers  in 
most  categories  limited,  the  "research  in 
progress"  theme  was  evident  in  many 
areas.  Also,  because  of  the  large  number 
of  papers,  I  have  chosen  to  discuss  only 
those  which.  I  believe  are  most  signifi¬ 
cant  in  the  areas  of  my  own  interest. 

■Mechanisms  of  Creep  and  Fracture 

The  session  on  mechanisms  of  creep 
and  creep  fiacture  generated  the  most 
interest  and  discussion.  The  first 

speaker  presented  an  analysis  of  noncom¬ 
pact  glide  in  A1  single  crystals,  which 
included  a  formulation  of  a  kink  pair 
dislocation  model  to  describe  tempera¬ 
ture,  strain-rate,  and  stacking  fault 
energy  dependence  of  noncompact  glide. 
M.  Kassner  (Lawrence  Livermore  National 
Liberation)  reported  results  of  a  study 
of  the  deformation  of  high-purity  alumi¬ 
num  in  torsion  at  644  K  to  various  pri¬ 
mary  and  steady-state  creep  strains. 
Transmission  electron  microscopinq  TEM 
observations  showed  that  at  the  onset  of 
steady-state,  all  the  subgrain  boundaries 
had  a  small  misorientation ,  which  changed 
to  a  bimodal  distribution  as  strain  in¬ 
creased.  His  paper  concluded  that  a  de¬ 
scription  of  the  rate-controlling  process 
of  creep  should  include  the  density  of 
dislocations  not  associated  with  subgrain 
boundaries . 

A  modification  of  the  stress  and 
strain  transient  dip  test  to  measure  in¬ 
ternal  stress  as  the  athermal  component 
of  the  flow  stress  was  introduced  by  Z. 
Horita  (Kyushu  University,  Japan).  The 
key  element  of  his  paper  was  the  intro¬ 
duction  of  an  extrapolation  procedure 
requiring  measurement  only  of  the  total 
time  from  onset  of  stress  reduction  to 
the  termination  of  the  period  of  zero 
creep.  Reanalysis  of  results  of  previous¬ 
ly  reported  transient  dip  experiments  led 
to  the  conclusion  that  the  recovery  pro¬ 
cess  was  due  to  growth  of  three-dimen¬ 
sional  dislocation  networks.  Results  of 
stress  dip  tests  of  a  number  of  fee  and 
hep  alloys  in  order  to  determine  the  in¬ 
ternal  stress  under  conditions  of  steady- 
state  creep  was  reported  by  Northwood  and 
Smith.  They  found  that  tlie  ratio  of  in¬ 
ternal  stress  to  external  applied  stress 
for  pure  metals  was  typically  0.9  to  1.0 


regardless  of  crystal  st  i_  ucturf ,  0.8  to 

0.9  for  Class  II  solid  soiutioi;  alloys 
where  climb  is  rate  cor.troi  iiiig ,  .ind  ap¬ 
proximately  0.7  for  Clas::  1  ;;oiia  solu¬ 
tion  alloys  where  viscous  alide  i  .s  rate 


controlling.  The  niul  tipiiasa  cor;,;:iercial 
alloys  exhibited  internal/exiarnal  stre.ss 
ratios  similar  to  pure  metals. 

K.  Mills  ( LausariiK'  I’la-iel  Poly¬ 
technic,  Switzerland)  ano  a.  Nix  (Stan¬ 
ford  University,  Cali.-er:;!  :i  r  •  r  tSormed 
extensive  TE.M  i nves t  lo'a  t  ■  ^  ,ni- 

5. 5-percent  Mg  to  dot  rs-  t;..  disloca¬ 
tion  substructure  during  ,  i:i  -ludip.g 

rn  situ  heating  to  simulate  a  Large 
stress  decrement.  D i s  1  oea t  i  , : .  L.ou.^  were 
seen  to  be  a  priinaiy  featuit  o:  t  ne  ereep 
substructure,  in  agree'ne.vt  •.•■a.':;.  :i  previ¬ 
ously  developed  dislocatio:.  loop  model. 
The  authors  suggested  tf..;t  anei.istic 
strains  measured  after  stress  decrements 


are  due  to  a  dislocation  rur.back  mecha¬ 
nism,  and  not  the  action  C' r  long-range 
internal  stress.  The  papers  dealing  with 
internal  stress  measurement  led  to  dis¬ 
cussion  of  their  theoretical  ar:d  physical 
basis,  the  resolution  of  v.'hicii  seerr.ed  to 
be  agreement  over  terms  and  the  basic 
framework  in  which  such  stresses  are  to 
be  postulated. 

Two  papers  addressed  clianges  in  the 
power  law  creep  behavior  of  m.etals.  H. 
Oikawa  (Tohuku  University,  Japan)  re¬ 
ported  that  bcc,  fee,  and  hep  alloys 
change  their  creep  behavior  with  in¬ 
creasing  stress,  where  recovering  ap¬ 
peared  to  be  rate  controlling,  and  where 
the  stress  level  for  deviation  was  de¬ 
termined  by  solid  solution  hardei'.ing  with 
immobile  solute  atoms  in  the  matrix.  Z. 
Horita  (Kyushu  University)  and  others 
presented  results  of  two  expieriments  to 
evaluate  the  deviation  of  the  stress  ex¬ 
ponent  from  the  value  of  3  for  Al-Mg  al¬ 
loys.  These  included  precise.'  measurement 
of  this  deviation  as  a  result  of  solute 
concentration,  and  superposition  of  an 
ultrasonic  oscillatory  stress  during 
high-temperature  deformation.  Both  sets 
of  results  were  interpreted  in  terms  of 
effective  component  of  the  dislocation 
velocity . 

6  Projection.  The  most  discussed  (if 
not  controversial)  topic  o;  the  confer¬ 
ence  involved  the  9  projection  concept  by 
R.  Evans  and  B.  Wilshire  (both  of  Univer¬ 
sity  College  Swansea,  UK).  The  basis  for 
this  approach  is  the  assumption  that  nor¬ 
mal  creep  curves  are  composed  of  the  sum 
of  decaying  primary  and  accelerating  ter¬ 
tiary  components.  The  variation  of  creep 
strain  with  time  is  desc  r  i  jiff-  i  .i  terms  of 
an  exponential  expres-sio:-  -  a  i  :i  i  ng  four 
coefficients,  two  of  wlm.-h  act  as  scaling 
terms  defining  the  extei.t  of  the  primary 
and  secondary  stages  witli  respect  to 
strain,  while  the  other  tw"  csrt'  rate 
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pafameters  gov^erning  the  curvature  of  the 
primary  and  secondary  components.  Con¬ 
stant  stress  creep  data  obtained  for 
polycrystalline  copper  over  the  tempera¬ 
ture  range  of  604  to  774  K  were  used  in  a 
nonlinear  least  squares  regression  to 
determine  the  best  fit  for  the  coeffi¬ 
cients.  Variation  of  these  coefficients 
with  stress  and  temperature  were  also 
determined,  and  the  authors  postulated 
that  dislocation  movement  was  enhanced  by 
dislocation  diffusion.  Because  neither 
grain  growth  nor  recrystallization  oc¬ 
curred,  it  was  further  postulated  that 
tertiary  creep  was  a  consequence  of  a 
gradual  increase  of  creep  rate  as  the 
number  and  size  of  cavities  increased 
with  strain.  From  extrapolation  of  the 
calculated  coefficients  and  stress/tem¬ 
perature  relationships  obtained  over  a 
narrow  temperature  range,  a  family  of 
minimum  creep  rate  curves  was  predicted 
for  various  temperatures,  and  found  to 
coincide  with  the  data.  Evans  and  Wil- 
shire  also  concluded  that  power  law 
breakdown  and  the  transition  to  low  n 
values  were  also  accurately  predicted. 
Additionally,  a  "pseudo  deformation  mech¬ 
anism  map"  was  constructed  using  arbi¬ 
trarily  selected  values  of  n  for  dif- 
fusional  creep  and  power  law  breakdown, 
and  an  assumed  activation  energy  dividing 
diffusional  and  dislocation  creep  fields. 
Agreement  with  a  published  deformation 
mechanism  map  was  shown,  and  the  authors 
suggested  that  such  maps  could  be  viewed 
as  the  consequences  of  the  variation  of 
the  creep  curve  shape  with  temperature. 
They  suggested  that  no  change  in  mech¬ 
anism  need  to  be  postulated  to  explain 
the  change  in  creep  exponent. 

In  a  later  session  addressing  com¬ 
ponent  life,  three  additional  papers  ad¬ 
dressing  the  6  projection  concept  were 
presented.  S.  Brown  (University  College 
Swansea)  examined  four  equations  describ¬ 
ing  creep  strain  as  a  function  of  time, 
using  nonlinear  optimization  techniques 
to  fit  constant  stress  creep  data  for 
0 . 5Cr-0 . SMo-O . 25V  steel  obtained  at  a 
variety  of  stresses  at  838  K.  The  co¬ 
efficients  of  each  expression  were  then 
used  to  predict  rupture  life  for  various 
stress  levels,  and  the  6  projection  was 
seen  to  be  superior  in  its  predictive 
capabilities.  Dr.  Li  (Daye  Steel  Cor¬ 
poration,  China)  and  others  examined  the 
applicability  of  the  6  projection  with 
IN-738.  In  this  study,  values  of  the  co¬ 
efficients  were  determined  for  sequen¬ 
tially  increasing  stress  levels.  It  was 
pointed  out  that  although  structural 
changes  and  changes  in  creep  mechanism 
occurred,  the  9  parameters  followed  a 
simple  linear  function.  K.  Maruyama  and 
H.  Oikawa  (both  of  Tohuku  University) 
formulated  a  five-parameter  expression 


for  creep  curve  fitting.  For  the  case  of 
ferritic  CrMoV  steels,  they  postulated 
that  one  of  the  rate  constants  appeared 
to  be  related  to  diffusion,  and  examined 
the  materials-dependence  of  the  strain 
hardening  and  strain  weakening  parame¬ 
ters  . 

From  the  questions  and  discussion 
associated  with  the  e  projection  papers, 
it  is  likely  that  this  topic  will  receive 
increasing  attention  in  the  near  future. 
Its  proponents  claim  success  in  accurate¬ 
ly  predicting  long-term  creep  data  by  ex¬ 
trapolation,  but  many  are  seeking  funda¬ 
mental  bases  for  such  successes,  and  ver¬ 
ification  of  predictive  ability.  Because 
of  reported  insensitivity  of  metallurgi¬ 
cal  mechanisms  operating  in  creep,  I 
anticipate  more  attempts  to  ascribe  fun¬ 
damental  physical  significance  to  the 
fitting  coefficients,  and  to  evaluate 
their  applicability  among  various  mate¬ 
rials  . 

The  Role  of  Metallurgical  Structures 
and  Impurities.  The  creep  mechanism  ses¬ 
sions  were  concluded  by  several  papers 
related  to  the  role  of  metallurgical 
structure  and  impurities  in  the  creep 
process.  R.  Gifkins  (Monash  University, 
Australia)  reviewed  the  calculations  of 
stress  components  for  creep  and  grain 
boundary  sliding.  He  concluded  that  the 
latter  is  equal  to  that  for  creep  except 
for  limited  cases,  and  warned  experi¬ 
menters  about  recognizing  transition.  T. 
Watanabe  (Tohoku  University)  discussed 
structure-dependent  intergranular  creep 
fracture.  Because  grain  boundary  sliding 
and  fracture  were  seen  to  occur  prefer¬ 
entially  at  high-energy  grain  boundaries, 
Watanabe  postulated  that  decreasing  their 
frequency,  producing  a  regular  distribu¬ 
tion  of  hig)i-  and  low-energy  grain  bound¬ 
aries  when  the  frequency  of  the  high- 
energy  boundaries  is  low,  and  control  of 
grain  boundary  inclination  may  be  effec¬ 
tive  in  suppressing  creep. 

Dr.  Li  (Daye  Steel  Corporation)  and 
others  reported  results  of  a  very  well 
designed  investigation  of  the  nucleation 
of  creep  cavities  in  iron  containing  con¬ 
trolled  additions  of  sulphur,  phospho¬ 
rous,  and  carbon.  They  found  that  the 
cavitation  process  depended  strongly  on 
the  sulphur  level,  particularly  above  the 
solubility  level  for  a  particular  temper¬ 
ature.  They  also  concluded  that  ease  of 
nucleation  at  grain  boundary  particles 
depended  strongly  on  the  type  of  parti¬ 
cles,  where  sulfides  provided  the  most 
profuse  nucleation  sites. 

J.  Mintz  (Sandia  National  Labora¬ 
tories,  New  Mexico)  studied  the  growth  of 
grain  boundary  cavities  in  copper  and 
nickel  through  use  of  the  tritium-to- 
helium  decay  reaction  to  nucleate  voids. 
The  results  showed  that  cavity  growth  for 
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nickel  (under  certain  conditions)  was 
controlled  by  grain  boundary  diffusion, 
where  copper  exhibited  matrix-plasticity- 
controlled  diffusional  growth.  This  pa¬ 
per  concluded  that  coupled  models  were 
required  to  adequately  describe  the  ki¬ 
netics  of  cavity  growth  under  creep  con¬ 
ditions  . 

Deformation  and  Fracture  of  Particle- 
Strengthened  Alloys 

The  session  on  deformation  and  frac¬ 
ture  of  particle-strengthened  alloys  was 
notable  mostly  for  the  variety  of  materi¬ 
als  investigated.  These  included: 

•  Oxide-dispersion-strengthened  nickel- 
base  superalloys 

•  TiN-dispersion-hardened  20-percent  Cr- 
25  Ni  stainless  steel 

•  Nickel-modified  high-temperature  co¬ 
balt  superalloys 

•  Ferritic  Fe-Ni-Al  alloys  containing 
ordered  precipitates 

•  Directionally  solidified  Al/CuAl  eu¬ 
tectic  composites 

•  Bismuth-doped  directionally  solidified 
Mar  M002 

•  Si02-dispersion-hardened  nickel-base 
alloys 

•  Mechanically  alloyed  Al-Mg  alloy  con¬ 
taining  oxide  and  carbide  dispersions 

•  High-temperature  Al-Zr-V  alloy  from 
rapid  solidification  processing. 

The  focus  of  the  papers  ranged  from 
modeling  of  creep  and  strengthening  mech¬ 
anisms  to  introducing  new  alloy  concepts 
and  production  methods.  Key  theoretical 
contributions  included  the  formulation  of 
a  kinetic  model  for  dislocation  climb 
over  dispersion  particles  which  treated 
the  dislocation  shape  in  the  vicinity  of 
the  particle  and  the  effects  of  an  at¬ 
tractive  interaction  between  dislocations 
and  particles  in  the  climb  process,  and  a 
mechanistic  model  of  the  dislocation 
creep  of  particle-hardened  materials  be¬ 
tween  threshold  and  transition  stresses. 

R.  Lewis  (Lockheed  Missiles  and 
Space,  US)  presented  results  of  attempts 
(by  him  and  others)  to  produce  an  AI3 
(Zr,  V)  metastable  precipitate-strength¬ 
ened  aluminum  alloy  from  a  variety  of 
rapid  solidification  techniques  in  order 
to  achieve  5-  to  15-percent  precipitate 
without  losing  ductility  at  room  tem¬ 
perature.  To  complete  this  materials 
perspective,  Benn  introduced  a  new  class 
of  oxide-dispersion-strengthened  super¬ 
alloys,  and  presented  long-term  stress 
and  creep  rupture  data  in  comparison  with 
conventional  superalloy  formulations. 

Creep  and  Fracture  of  Steels.  The 
session  on  creep  and  fracture  o7  steels 
was  highlighted  by  a  group  of  presenta¬ 
tions  which  addressed  the  performance  of 


stainless  steels.  T.  Nakazawa  (Nippon 
Steel  Corporation)  evaluated  the  effects 
of  carbon,  nitrogen,  and  phosphorous  on 
creep  and  rupture  ductility  of  high- 
purity  Ni-Cr  austenitic  stainless  steel. 
C.  Shepherd  (UK  Atomic  Energy  Authority) 
discussed  the  creep-strengthening  mecha¬ 
nisms  in  austenitic  stainless  steels, 
concentrating  on  the  roles  of  phosphorous 
in  the  reduction  of  minimum  creep  rate, 
and  possible  causes  of  embrittlement  by 
tin  additions.  R.  Sandstrom  (Institute 
for  Metals  Research,  Sweden)  presented  a 
paper  evaluating  the  creep  properties  of 
a  carbon  21Cr-ll  Ni-0.15  N,  0.05-Ce  aus¬ 
tenitic  stainless  steel,  where  the  car¬ 
bon,  nitrogen,  and  cerium  contents  were 
varied.  Although  these  papers  did  not 
include  detailed  modeling,  they  addressed 
key  metallurgical  factors  in  the  creep 
and  fracture  processes. 

Damage  Accumulation  and  Creep  Crack 
Growth 

The  topics  of  damage  accumulation 
and  creep  crack  growth  were  addressed 
through  a  combination  of  theoretical  pa¬ 
pers  dealing  with  creep  damage  from 
the  solid  mechanics  and  micromechanistic 
viewpoints,  and  interesting  evaluations 
of  component  behavior  considering  creep 
crack  growth,  R.  Pilkington  (University 
of  Manchester,  UK)  investigated  creep 
damage  accumulation  in  a  Cr-Mo  low  alloy 
ferritic  steel  to  assess  effects  of  mul- 
tiaxial  stress  and  relate  microscopic 
damage  to  macroscopic  fracture  parame¬ 
ters.  He  and  his  coauthors  formulated  a 
modification  of  the  Hull-Rimmer  cavity 
growth  model  which,  when  coupled  with 
continuum  damage  constitutive  expres¬ 
sions,  was  seen  to  reasonably  predict 
creep  cavitation  damage  and  macroscopic 
creep  strain.  G.  Webster  (Imperial  Col¬ 
lege,  UK)  introduced  an  assessment  pro¬ 
cedure  for  cracked  components  based  on 
the  C*  fracture  mechanics  parameter  (in¬ 
cluding  two  case  studies)  where  uniaxial 
creep  data  was  employed  to  assess  welded 
pressure-vessel  performance.  As  antici¬ 
pated,  defects  in  the  weld  metal  and  HAZ 
proved  difficult  to  treat  because  of  ef¬ 
fects  of  residual  stresses  and  stress 
redistribution.  In  a  complementary  paper, 
T.  Hollstein  (Fraunhofer  Institute,  West 
Germany)  presented  experimental  and  nu¬ 
merical  results  where  creep  crack  growth 
rates  of  IN  617  at  900°C  were  correlated 
with  the  C*-integral.  Utilizing  a  sta¬ 
tionary  numerical  simulation  for  limited 
creep  crack  growth,  they  showed  good 
agreement  with  experiment,  suggesting 
promise  for  such  an  approach  for  compo¬ 
nent  assessment. 

The  papers  addressing  combined 
creep-fatigue  conditions  addressed  am¬ 
bient-temperature  as  well  as  elevated 
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temperature  creep  and  damage  accumula¬ 
tion.  W.  Evans  (University  College  of 
Swansea)  evaluated  creep-fatigue  of 
alpha-beta-processed  Ti-6A1-4V,  showing 
that  low-temperature  creep  is  responsible 
for  an  observed  sensitivity  to  dwell  un¬ 
der  cyclic  loading  conditions,  and  at¬ 
tributed  the  initiation  of  subsurface 
cracks  to  time-dependent  strain  accumula¬ 
tion.  M.  Winstone  (Royal  Aircraft  Estab¬ 
lishment,  UK)  and  coauthors  proposed  a 
physical  model  for  cyclic  creep  of  near¬ 
alpha  titanium  base  on  weakest  link  sta¬ 
tistics,  where  local  strain  inhomogene¬ 
ities  were  seen  to  produce  stress  concen¬ 
trations  within  large  components.  H. 
Cortie  (University  of  Witwatersand ,  South 
Africa) ,  on  the  other  hand,  evaluated  the 
acceleration  of  creep  crack  growth  in 
Cr-Mo  steel  in  an  attempt  to  sort  out  the 
roles  of  creep  and  environment.  His  pa¬ 
pers  concluded  that  a  synergistic  creep- 
fatigue-environment  interaction  exists, 
which  must  be  necessarily  modeled  in  a 
coupled  approach. 

Remanent  Life  Assessment 

The  session  on  remanent  life  assess¬ 
ment  and  creep  data  prediction  included 
papers  on  the  0  projection  concept  and 
its  modifications  which  were  noted  earli¬ 
er  in  this  summary.  M.  Steen  (State  Uni¬ 
versity  of  Ghent,  Belgium)  and  M.  DeWitte 
(Laborelec,  Belgium)  presented  a  pair  of 
papers  dealing  with  structural  instabil¬ 
ity  as  related  to  the  extrapolation  of 
short-term  creep  test  results.  They 
showed  that  short-term  constant  strain 
rate  creep  tests  could  be  used  to  predict 
creep  rate  over  a  wide  range  of  stresses 
and  temperatures  provided  microstructural 
thermodynamics  equilibrium  is  maintained. 
Time-to-rupture  extrapolations  from  con¬ 
stant  strain  rate  tests  agreed  well  with 
extrapolation  of  constant  stress  tests 
where  the  microstructure  (in  this  case 
for  steels)  was  constant.  The  importance 
of  structural  instability  in  data  extra¬ 
polation  was  discussed.  B.  Cane  (Central 
Electric  Generating  Board,  UK)  reviewed 
the  status  of  remanent  creep  life  assess¬ 
ment  methodologies  for  power  and  process 
plants,  focusing  on  low-alloy  ferritic 
steels.  He  identified  areas  of  required 
investigation  to  bridge  gaps  in  assess¬ 
ment  capability,  particularly  related  to 
aged  materials  and  those  undergoing  weld 
repair.  F.  Masuyama  (Mitsubishi  Heavy 
Industries,  Japan)  presented  very  inter¬ 
esting  results  where  creep  damage  was 
assessed  from  the  evaluation  of  profiles 
of  element  concentration  spectra  by  means 
of  computer-aided  x-ray  microanalysis.  A 
correlation  was  seen  between  spherodiza- 
tion  of  precipitates  and  creep  damage, 
which  was  then  linked  with  creep  rupture 
life  consumption  rate.  P.  Auerkari  (Tech¬ 


nical  Research  Center  of  Finland)  and  P. 
Vieros  (Imatran  Voisna  Oy,  Finland)  pos¬ 
tulated  the  possibility  of  predicting  re¬ 
sidual  life  fraction  in  a  uniaxial  creep 
test  using  a  relation  between  cavitation 
and  strain,  thus  pointing  to  a  basis  for 
use  of  cavitation  measurement  to  assess 
creep  conditions  in  high-temperature 
steam  piping. 

The  conference  was  concluded  with  a 
session  devoted  to  elevated  temperature 
performance  of  ceramic  materials.  A.G. 
Evans  (University  of  California)  high¬ 
lighted  this  session  by  a  very  thorough 
review  of  the  fundamental  principles  in¬ 
volved  in  high-temperature  flow  and  frac¬ 
ture  of  ceramics  and  ceramic  composites. 
This  review  included  creep  crack  growth, 
crack  blunting,  flaw,  nucleation  and 
stress  corrosion.  He  concluded  that  mod¬ 
els  are  required  to  incorporate  the  vis¬ 
coelastic  character  of  the  ceramic  with 
microstructural  events  such  as  grain 
boundary  sliding. 

Summary 

This  conference  provided  an  excel¬ 
lent  forum  for  scientists  and  engineers 
dealing  with  creep  and  fracture  of  mate¬ 
rials  to  exchange  their  most  recent  re¬ 
sults,  and  to  assess  progress.  This  was 
aided  by  the  availability  of  the  pro¬ 
ceedings  prior  to  the  meeting  which  led 
to  rigorous  discussion  of  many  of  the 
papers.  Because  the  conference  was  the 
third  of  this  series,  all  of  which  have 
been  held  in  Swansea,  there  was  a  clear 
sense  of  continuity  in  many  of  the  papers 
and  topic  areas,  and  this  series  appears 
to  be  targeted  by  many  participants  for 
future  contributions. 
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SIALON  CERAMICS  RESEARCH  AT  THE  UNIVER¬ 
SITY  OF  NEWCASTLE-UPON-TYNE 

hy  louia  Carts.  Dr.  Carts  is  the  liaison 
Scientist  for  Materials  Scirnsr  in  .  .  rope 
and  the  Middle  East  for  the  I'ffioc  of  Sa- 
val  Pesearch’s  London  branch  Cffice.  He 
is  on  leave  until  Junt  188?  from  Mar¬ 
quette  University ,  College  of  Engineer¬ 
ing,  Milwaukee ,  Wisconsin. 

Introduction 

The  pioneering  work  oi  Professor 
K.H.  Jack  and  his  research  group  at  the 
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University  of  Newcastle-upon-Tyne  on  si- 
alon  ceramics  is  well  known.  The  work  has 
led  to  the  development  of  sialon  ceram¬ 
ics,  many  of  which  are  marketed  by  Lucas- 
Cookson-Syalon  Ltd.,  UK;  these  sialons 
are  produced  under  license  by,  for  ex¬ 
ample,  Sandvik  Hard  Materials  AB  (Swe¬ 
den)  .  Since  the  retirement  of  Professor 
Jack  in  1984,  the  research  group  at  New¬ 
castle  has  continued  under  the  direction 
of  Dr.  Derek  P.  Thompson.  The  main  thrust 
of  the  research  has  continued  to  be  in 
the  preparation  and  characterization  of 
sialon  materials  for  high-strength,  high- 
temperature  engineering  applications. 
Several  of  these  studies  are  described  in 
paragraphs  following. 

The  Glassy  Phase  at  the  Grain  Boundary 

Sialons  form  useful  materials  but 
contain  a  grain-boundary  (GB)  glassy 
phase  and  so  suffer  a  degradation  in 
properties  at  about  1000°C.  This  glassy 
GB  phase  is  formed  from  the  sintering 
additives,  which  are  required  to  prepare 
high-density  solids.  Extensive  work  at 
Newcastle  has  been  carried  out  on  the 
Y-Si-Al-O-N  sialon  ceramics  using  yttria 
as  the  sintering  aid,  which  results  in 
the  formation  of  a  crystalline  material 
at  the  GB  consisting  of  yttrium  aluminum 
garnet  (YAG) ,  Y3AI5O12  (Slasor  et  al., 
1985;  Walls  and  Thompson,  1986).  The 
conversion  of  the  glassy  phase  at  the  GB 
to  YAG  extends  the  upper  temperature 
limit  to  about  1300°C,  above  which  deg¬ 
radation  by  oxidation  and  creep  mecha¬ 
nisms  seriously  restrict  high-temperature 
usage.  Current  research  at  Newcastle  is 
concentrating  on  improved  densif ication 
cycles  with  controlled  mixtures  of  ad¬ 
ditives  to  produce  specific  refractory  GB 
phases  which  improve  the  high-temperature 
performance.  Since  alumina  reduces  the 
eutectic  temperature  in  the  Y-Si-O-N  sys¬ 
tem  by  at  least  200°C,  mixtures  of  oxides 
other  than  alumina  are  being  explored.  In 
the  MgO-Y203-Si3N4  system,  the  pyroxene 
phase  MgYSi205N,  which  can  be  produced  as 
a  secondary  grain  boundary  phase,  allows 
reasonable  refractory  performance  up  to 
1450°C,  but  this  material  suffers  from 
the  catastrophic  low-temperature  oxida¬ 
tion  behavior  exhibited  by  melilite- 
containing  ceramics.  Fortunately,  this 
problem  can  be  overcome  by  the  recently 
developed  flash  oxidation  techniques 
(Govila,  1987) . 

Work  is  being  undertaken  on  the  pos¬ 
sible  use  of  Nd203  to  replace  Y2O3  as 
the  sintering  additive  (Slasor  et  al., 
1986)  . 

Silicon  Carponitrides 

The  Newcastle  group's  interest  in 
phase  relationships  continues  with  an 
investigation  of  the  C-Si-Al-O-N  system 


for  new  phases  and  promising  refractory 
compositions.  Attempts  are  underway  to 
form  materials  of  composition  Si(C,N). 
Such  compositions  are  being  explored  for 
their  high-temperature  electrical  proper¬ 
ties  . 

Nitrogen  Glasses 

Worldwide  interest  in  nitrogen 
glasses  has  focused  mainly  on  the  im¬ 
provement  of  the  mechanical  and  thermal 
behavior  properties  of  nitrogen  glasses 
compared  with  oxide  glasses;  optical 
properties  of  nitrogen  glasses  have  not 
been  explored  because  they  are  opaque. 
Recent  transmission  electron  microscope 
work  has  shown  that  this  opaqueness  is 
due  entirely  to  a  dispersion  of  iron  sil- 
icide  particles  in  the  glass.  By  using 
pure  starting  materials,  transparent 
glasses  can  be  produced  (see  Figure  1). 
Glasses  can  be  prepared  with  no  ppt  at 
all.  The  specimen  of  Figure  1  has  been 
chosen  so  that  the  nature  of  the  ppt  can 
be  seen. 

The  Newcastle  group  is  exploring 
crystallization  of  nitrogen  glasses  to 
yield  glass  ceramics  because  of  the  di¬ 
electric  and  superior  mechanical  proper¬ 
ties  of  glass  ceramics.  The  ceramics  of 
6"  magnesium  sialons,  which  can  be  crys¬ 
tallized  by  using  6'  sialon  as  a  nucle¬ 
ating  agent,  are  low-loss  materials.  The 
increasing  range  of  crystalline  oxyni¬ 
trides  offer  alternative  possibilities 
(Jameel  and  Thompson,  1986) .  The  use  of 
zirconia  to  improve  the  low-temperature 
mechanical  performance  of  glass  ceramics 
is  also  being  investigated.  The  variables 
of  quenching  treatment  and  the  amount  of 
stabilizing  agents  in  the  starting  glass 
composition  offer  prospects  for  good  con¬ 
trol  of  the  mechanical  properties  of  the 
final  material. 

Magic  Angle  Spinning  Nuclear  Magnetic 
Resonance  (NMR) 

New  analytical  techniques  are  impor¬ 
tant  for  the  characterization  of  high- 
performance  ceramics.  A  research  program 
in  collaboration  with  Professor  R.K.  Har¬ 
ris  at  nearby  Durham  University,  is  cur¬ 
rently  exploring  the  usefulness  of  magic 
angle  spinning  NMR  as  applied  to  engi¬ 
neering  ceramics.  In  magic  angle  spinning 
NMR,  the  effect  of  the  aligned  dipoles 
of  the  crystal  structure  can  be  excluded, 
as  well  as  the  effect  of  chemical  shift 
anisotropy  on  the  line  width.  The  reso¬ 
nances  from  sites  of  different  local 
environment  are  readily  detectable,  (Du¬ 
pree  et  al.,  1985).  One  important  use  of 
this  is  the  study  of  the  coordination  of 
^^Si  and  ^^Al;  silica  on  the  surface  of 
grains  of  silicon  nitride  powder  can  be 
identified  and  distinguished  from  Si02 
from  within  bulk  silicon  nitride.  The 
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Conclusion 

The  research  group  led  by  D.P. 

Thompson  have  n.due  very  interesting 

progress  in  a  series  C'f  studies,  in¬ 
cluding: 

•  Nitrogen  glasses  and  their  transpar¬ 
ent’  y 

•  Glassy  ana  crystalline  GB  phases  and 
their  rcle  in  ca t a s t r uph i r  oxidation 
above  1000  C 

•  Refractory  Gb  phaises  to  i  t-duce  high- 
temperature  creep 

»  The  possiblilti  r-f  preparing  Si(C,N) 
compounds 

•  Ni t rogen -pyroxene  compounds  (a  new 
class  of  nitrogen-containing  crystal 
structu  res ) 

m  A  useful  high-teinperature  ceramic  at 
1  500°C  formed  by  Si;.\„  with  less  than 
10  percent  VO.  additive. 


(a)  Low  magnification  showing  general 
transparency . 


Although  the  group  is  relatively 
small  in  number,  their  results  are  most 
impressive . 


20bon 

(b)  Optical  micrograph  of  some  glass 
slab  where  precipitates  can  be  seen. 


Figure  1.  A  Mg-sialon  glass  slab  con¬ 
taining  fine  precipitates  of  an  Fe  sili- 
cide . 


sensitivity  of  this  technique  for  de¬ 
tecting  grain  boundary  glass  phases  is 
being  examined. 

Modeling  of  Ceramic  Behavior 

The  arrival  of  Dr.  Howard  Chandler 
in  1985  on  the  staff  of  Newcastle's  Met¬ 
allurgy  and  Engineering  Materials  Depart¬ 
ment  broadened  the  existing  expertise  in 
ceramics  to  include  mathematical  modeling 
and  behavioral  studies  on  the  impaction 
of  starting  powders  and  improved  methods 
of  ceramic  fabrication. 
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ARTIFICIAL  INTELLIGENCE  AND  RELATED  RE- 
SEARCH  AT  SALERNO 
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East  r  the  ^ffi-'e  of  Naval  F.e- 
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In  continental  Europe,  one  may  find 
Artificial  Intelligence  (AI)  research 
disguised  by  unusual  names,  and  pursued 
in  diverse  academic  departments  where  one 
would  not  expect  it.  For  example,  at  the 
young  (less  than  15  years  old)  University 
of  Salerno  (southern  Italy) ,  excellent, 
interdisciplinary  AI  work  is  done,  under 
the  title  of  "Cybernetics,"  in  the  De¬ 
partment  of  Theoretical  Physics,  which 
also  carries  out  notable  research  in  the 
"standard"  topics,  including  superconduc¬ 
tivity  and  elementary  particle  theory. 
The  allocation  of  AI  to  the  theoretical 
physics  department  is  particularly  odd, 
since  the  Faculty  of  Science  does  have  a 
Department  of  Informatics,  and  the  Fac¬ 
ulty  of  Engineering  even  has  a  Department 
of  Computer  Science, 

These  (and  other)  peculiarities  are 
closely  related  to  the  personality  and 
professional  history  of  Professor  E.R. 
Caianiello,  currently  the  Head  of  the 
Department  of  Theoretical  Physics.  He,  a 
well-known  quantum  field  theorist,  first 
became  interested  in  the  collective  be¬ 
havior  of  large  systems  with  a  complex 
structure  in  the  early  1960's,  when  he 
was  Head  of  the  Theoretical  Physics  In¬ 
stitute  of  the  University  of  Naples. 
Since,  apart  from  such  systems  specif¬ 
ically  related  to  the  simulation  of  in¬ 
telligence,  he  was  drawn  to  more  general 
structures  (including  natural  languages, 
biological  systems,  and  social  systems), 
he  found  it  appropriate  to  refer  to  his 
efforts  by  the  classic  term  ayhernetias . 
But,  he  told  me  recently,  it  has  been 
always  "crystal  clear"  to  him  that  ac¬ 
tually  "the  true  and  ultimate  object  of 
cybernetics  is  the  study  of  intelli¬ 
gence.  Moreover,  calling  it  'natural' 
or  'artificial'  is  misleading  and  leads 
only  to  confusion."  In  1968,  Caianiello 
became  founder  and  director  of  the  Ital¬ 
ian  National  Science  Council's  indepen¬ 
dent  Institute  for  Cybernetic  Research, 
at  Arco  Felice.  This  led  to  further  di¬ 
versification  of  Caianiello' s  outlook. 
Finally,  when  in  1973  he  became  the 
Founding  Dean  of  the  Science  Faculty  at 


the  University  of  Salerno,  he  took  along 
his  best  coworkers  (from  both  his  previ¬ 
ous  posts)  and  placed  them  in  the  Depart¬ 
ment  of  Theoretical  Physics  so  as  to  en¬ 
sure  both  a  basic,  broadbased  interdis¬ 
ciplinary  activity  and  an  atmosphere 
which  distinctly  differs  from  the  run-of- 
the-mill  version  of  Al-related  research. 
In  particular,  Caianiello  emphasizes  that 
his  and  his  half-a-dozen  permanent  as¬ 
sociates'  work  is  searching  for  the  un¬ 
derstanding  of  various  areas  of  structure 
in  complex  systems.  The  coexistence  and 
interaction  of  so  many  structure j  (atoms, 
humans,  the  universe,  and  all  there  is  in 
between),  he  says,  would  be  inconceivable 
if  there  were  not,  behind  it  all,  some 
general  organizational  principles.  And, 
l^e  adds,  theoretical  physicists  are  emi¬ 
nently  suited  to  perform  analysis  of  this 
kind.  Of  course,  the  laws  that  determine 
the  behavior  of  complex  systems  (includ¬ 
ing  intelligent  systems)  are  not  of  pure¬ 
ly  physical  nature  (like  Newton's  laws) ; 
rather,  they  have  a  logical  nature,  con¬ 
nected  with  information,  entropy,  hier¬ 
archy.  Furthermore,  Caianiello  points 
out  the  almost  obvious  fact  that  the 
study  of  structure  is  epitomized  by  the 
notion  of  "complexity."  In  order  to  ap¬ 
proach  AI  reasonably  (and  more  modestly 
than  is  the  custom  these  days)  ,  we  must 
learn  simple  mathematical  ways  "to  catch 
what  is  really  essential  in  phenomena 
which  occur  only  in  systems  with  large 
numbers  of  components  and  of  interac¬ 
tions." 

The  philosophy,  outlined  above, 
brought  Caianiello 's  group  in  close  con¬ 
tact  with  other  internationally  respected 
AI  researchers  and  groups:  Bruxelles 
University,  the  Los  Alamos  Laboratory, 
the  Ttibingen  Max  Planck  Institute  for 
Biological  Cybernetics,  the  Biocybernetic 
and  Medical  Engineering  Laboratory  at  the 
Polish  Academy  of  Science,  and  the  Cyber¬ 
netics  Research  Effort  of  the  Soviet 
Academy  of  Sciences.  (Contacts  with  com¬ 
mercial  outfits,  so  typical  for  other  AI 
research  centers,  are  notably  absent.) 

Current  research  at  Salerno  under 
the  leadership  of  Caianiello  can  be  char¬ 
acterized  by  the  following  headings: 

•  Neural  nets  and  cellular  automata 

•  Hierarchical  systems 

•  Composite  sets 

•  Mathematical  linguistics. 

Clearly,  these  areas  overlap,  since, 
for  example,  the  linguistics  research 
here  is  especially  concerned  with  the 
hierarchical  sequence  that  begins  with 
concepts  such  as  " letters-sy 1 lables- 
words...,";  moreover,  composite  set  the¬ 
ory  has  proved  particularly  efficient  in 
automatic  ("semi-intelligent")  pattern 
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recognition.  In  addition,  "practical" 
concentrations  in  robotics,  memory,  per¬ 
ception,  also  pursufid  at  Salerno,  clearly 
are  rilnted  to  the  listed  thematic  areas. 
In  any  case,  Caianiello  considers  the 
lonq-ranqe  goal  of  his  group  to  be  the 
understanding  of  "general  architectures 
for  total  brain  activities." 

In  order  to  illustrate  the  flavor  of 
research  at  Salerno,  I  will  make  a  few 
comments  on  the  neural  nets  and  on  the 
composite  Set  research  areas. 

Neural  .Nets 

Ca  lan i e 1  lo ' s  work  in  the  area  of  the 
bel'.avior  or  in  terconnected  "yes-no"  ele¬ 
ments  (abstract  neurons)  was  originally 
inspired  by  the  pioneering  work  of 
.McCulloch  and  Pitts  in  the  1940*s.  Now, 
he  finds  it  i.mportant  to  emphasize  the 
essential  nonlinearity  that  is  fundamen¬ 
tally  connected  with  Boolean  algebra  de¬ 
cision  making,  models  of  neural  activity, 
and  cellular  automata.  In  order  to  un- 
ra'-el  the  enormous  difficulties  that 
atise  in  the  long-term  behavior  and  col- 
le.tive  action  of  discretized,  intercon¬ 
nected  aggregates  of  yes-no  decision  ele- 
mer.ts,  Caianiello  broke  down  his  program 
not  into  the  customary,  ever-to-be  re¬ 
fined  linear  approximation  approach  of 
the  whole,  complex  system  and  its  dynam¬ 
ics,  but  rather,  into  the  study  of  three 
types  of  laws: 

1.  Neuronic  equations  (NE) ,  These 
describe  the  behavior  of  the  net  with 
constant,  fixed  connections. 

2.  Evolution  or  mnemonic  equations 
(ME) .  These  should  account  for  the  change 
of  the  couplings  among  neurons  which  oc¬ 
cur  as  a  consequence  of  the  activities 
described  by  the  NE  (thus,  adaptation  and 
learning  belong  in  this  field) . 

3.  Adiabatic  learning  hypothesis 
(ALH) .  These  studies  should  fix  the  re¬ 
spective  time  scales  appropriate  to  the 
NE  and  to  the  ME  and  thus  decouple  the 
calculational  work  needed  for  NE  and  for 
ME  (since  their  time-scales  are  believed 
to  differ  by  a  factor  of  10*’). 

Major  progress  has  been  recently 
achieved  in  area  1.  In  fact,  a  complete 
analytic  solution  of  the  NE  has  been  ob¬ 
tained,  and  the  general  properties  of 
the  solutions  have  been  analyzed  (see 
Caianiello,  1986).  The  basic  tools  used 
for  obtaining  the  solutions  came  from 
combinatoric.s .  Caianiello  also  exhibited 
the  close  relation  between  the  continuous 
and  discrete  aspects  of  the  theory  which, 
he  believes,  is  essential  for  any  con¬ 
crete  application  of  the  formalism  to 
adaptive  learning  devices,  and  also  for 
reliable  design  of  less  ambitious  AI  sys¬ 
tems.  Finally,  an  interesting  .mathemati¬ 


cal  point  was  eluciuated:  it  w.i:  s',  w:. 

that  any  Boolean  function  or  ivt  .c  ii 
always  reduced  to  a  larger  Jiissaj  . 

Thus,  the  consideration  ot  Bstilis  i:,  r..  • 

cannot  yield  beliavior  that  on<.-  ca.'.i.  c  (  ■ 
least  in  principle)  obtain  froii  si.r:;- 
ciently  large  linear  nets. 

These  breaktnrough  results 
the  starting  point  of  •  fv  work  by  M. 
Marinaro  and  Caianiello  (1986)  wtu'ie  tb'- 
inverse  problem  was  exhibited  and  p.i;  ~ 
tially  solved.  The  scientists  siiow.-  ; 
that,  given  any  preassigned  sequcnc,  : 
states,  it  is  possible  to  give  ar  i-v- 
plicit,  compact  expression  ttiat.  'b-t'  r - 
mines  formally  which  Boolcar.  tur.cti 
must  be  assigned  to  each  cell  in  ord  : 
for  the  cellular  automaton  (or  mor>  c*  :.- 
erally,  the  neural  net)  thus  const  ru.-te  ; 
to  go  through  this  preas.signed  sequr-nce 
in  the  prescribed  order.  The  starting 
point  of  the  mathematical  approach  lead¬ 
ing  to  this  result  was  the  linearization 
of  the  dynamics  by  passing  from  a  Boole n 
N-space  to  a  linear  functional  2*^  space: 
as  pointed  out  above,  this  can  be  d'jne 
rigorously. 

Current  work  in  this  area  is  bo.sed 
on  the  observation  that  the  mathematical 
methods  so  far  used  for  NE  studies  per¬ 
mit,  in  principle,  the  exact  formal  syn¬ 
thesis  of  any  cellular  automaton  whose 
behavior  is  prescribed  a  priori.  One  of 
the  specific  problems  currently  undfr 
study  is:  what  can  one  say  of  an  automa¬ 
tion  in  which  each  cell  changes  its  state 
with  a  linear  threshold  logic?  (Present 
results  assure  one  that  such  an  automaton 
cannot  be  "additive"  because  these  cor¬ 
respond  to  nets  of  monomial  nonseparable 
Boolean  functions.)  The  Salerno  scien¬ 
tists  are  convinced  that  such  types  of 
questions  might  be  better  studied  analy¬ 
tically  than  by  computer  simulation — and 
I,  personally,  find  this  belief  a  re¬ 
freshing  alternative  to  current  trends. 

Composite  Set  Calculus 

Composite  set  calculus--for  short , 
C-calculus--is  a  new  algebraic  method 
developed  by  the  Caianiello-school  as  a 
general  technique  for  the  analysis  of 
complex  hierarchical  systems.  In  essence, 
it  is  a  tool  for  dealing  witfi  situations 
in  which  increasing  degrees  of  precision 
in  measurement  or  in  prediction  are  de¬ 
sired:  an  appropriate  handling  of  li  -.s 

precise  measurements  by  C-calculus  ca;i 
yield  more  precise  measurements.  Since 
"measurement"  stands  here  for  the  most 
general  meaning  of  the  term,  it  should  !te 
expected  that  C-caloulus  may  play  an  im¬ 
portant  role  of  information-handling  t  liat 
occurs  in  many  areas  of  AI  research,  in¬ 
cluding  pattern  recognition. 

A  composite  set  (C-set)  is  define.d 
as  an  ordered  string  A=(aj,  a^,  ...,  a.) 
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of  arbitrary  "elemen.tary "  sets  -hat  car. 
be  ass;  ;'ned  some  numerical  value  M(a^) 
(or  several  such  numerical  values.)  Two 
algebraic  operations  are  then  defined  in 
the  universe  or  C-sets.  First: 

1 .  Addition : 

A+B=  (a  jGb.  ,  .  .  .  ,  a  .  Ub„  ,  .  .  ,a„i;bj  ,  .  .  .  ,a^Ub,) 
where  U  m.eans  set-union  and  where  the  nu¬ 
merical  value  associated  with  set  auL’b^ 
is  max  ! M ( a  ^ )  ,  M ( b , )  ;  . 

2.  Mu  1 1  1  p  1  ica t  ro:; : 

A  ■  B=  ( a  ;  b  ^  .  .  .  ,  a  .  1:  ,  .  .  ,  a  „  b  ,  ,  .  .  .  ,  a ,  b ^  )  , 
where  means  so  t- 1  nt  e  r  sect  ion  ,  and 

the  numerical  'value  associated  with  set 
a|^.^b,  IS  mil.  ■M(a^),  M(b.);. 

I  have  oversimplified  the  calculus, 
assuming  that  there  is  only  one  value, 
M(a|j),  associated  with  each  set,  but  this 
need  not  be  so.  In  any  case,  it  can 
be  shown  that  the  universe  of  C-sets 
equipped  with  the  -►  and  «  operation  is  a 
communicative  semi-ring.  The  simplest  ex¬ 
ample  of  the  C-calculus  is  the  following. 
Let  A  and  B  be  two  partitions  of  a  line 
segment,  and  let  the  numerical  value  as¬ 
sociated  with  tht?  subsegments  be  their 
length.  Then,  the  product  of  A  and  B  is 
the  partition  of  the  given  segment  which 
is  defined  by  using  all  "endpoints"  of 
both  the  A  and  the  B  partition  subseg¬ 
ments  as  new  segmentation  points.  Clear¬ 
ly,  the  C-product  of  the  two  parti¬ 
tions  gives  a  refinement  of  one  by  the 
other . 

This  property  of  C-products  is  pre¬ 
cisely  the  one  that  can  be  used,  for  ex¬ 
ample,  in  automatic  image  analysis,  par¬ 
ticularly  pattern  recognition.  One  uses 
a  pixel-networ)t  to  cover  an  image  and 
measures,  for  each  pixel,  the  minimum  and 
the  maximum  of,  say,  "grey  levels."  Then 
one  slightly  translates  the  pixel-net¬ 
work,  goes  through  the  same  procedure — 
and  takes  the  C-product.  It  can  be  shown 
that  the  latter  will  give  information  on 
the  image  that  is  more  precise  than 
either  of  the  two  component  informations 
were.  Caianiello  and  his  associates  have 
shown  that,  by  suitable  chances  of  pixel 
size  and  network-displacements  (and  num¬ 
ber  of  displacements)  one  can  arrange 
that  C-calculus  leads  to  filtering,  or  to 
contour  extraction,  or  to  image  refine¬ 
ment,  or  to  contraction/dilataticn ,  or  to 
texture  analysis,  and  so  on.  In  other 
words,  C-calculus  permits  a  unified  meth¬ 
odology  to  different  aspects  of  automatic 
analysis,  which,  in  the  standard  ap¬ 
proaches,  are  all  achieved  separately  and 
by  diverse  "tricks." 

Two  recent  articles  on  C-calculus 
can  be  found  in  Caianiello  and  Aizerman 
(1987)  . 
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Mechanics 


JOINT  MEETING  OF  THE  FREN'CH  AND  ITALIAN 
COMBUSTION  SOCIETIES 

hu  Suger.t  i.  Brjun.  i'r.  Brovn  vs,:  the 
iiiison  i' dentist  for  Flui:  y.poh.tnies  in 
Fur  ape  and  the  y  i  d  d  I  e  F  a  r’ t  f  ■:r  'he  ' .  ff :  e  e 
cf  'iaval  research  '?  i.cnden  Sranrh  C't'^iee 
until  Septenbcv  iJS',  Fe  has  too  re¬ 
turned  to  the  Virginia  Fclutr'-'hni"  insti¬ 
tute  and  State  Fni'.'e.re  i  tu ,  where  he  in  a 
Professor  of  yerhoninal  Fngi ne ering . 


The  first  ]oint  meeting  of  the 
French  and  Italian  Combustion  Societies 
was  held  from  16  through  19  June  1987  in 
Amalfi,  Italy.  The  presentations  were 
grouped  into  nine  topical  areas: 

•  Pollutant  Emissions  Control 

•  Combustion  Chemistry 

•  Stationary  Combustion 

•  Soot  Formation  and  Oxidation 

•  Engine  Combustion 

•  Flame  Propagation,  Ignition,  and  Ex¬ 
tinction 

•  Fluidized  Bed  Combustion 

•  Spray  Characteristics  and  Combustion 

•  Coal  Combustion. 

A  total  of  109  papers  'were  given  in 
two  concurrent  sessions  with  the  greatest 
number  of  papers  coming  from  Italy  (50) 
followed  by  France  with  35,  and  the  re¬ 
maining  papers  contributed  by  Germany 
(11),  England  (5),  US  (4),  Belgium  (2), 
Poland  (2),  Portugal  (1),  and  Hungary 
(1)  .  A  complete  book  of  abstracts  was 
distributed  to  each  participant  at  the 
beginning  of  the  meeting.  A  conference 
proceedings  will  not  be  published. 

As  is  perhaps  already  obvious  from 
the  listing  of  session  titles,  the 
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.'f  .-f  jv’s  j,  :  ( ■  s » - ;  t » -  vi  ,1^  t  r,  1  ^  iTct-t- 

i:'.q  Wci.-i  1  irjTif  n  .se  .  Th<-  j.  r  »■  t  i '  u:  v,n  ;t-<; 

in  i t  f  lev- 1  ua  .  *!.!!■  '.U'.'!'!:.  r-x- 

tTCiS'^t  asl.’.q  n  •  r  .  ■  1  s;  .•-a  and 

nldssicdl  r  1  ;■  a.'.i.;  t  u  n  I  u  !  t-nai  ■  ir.cjd- 

els  ta  df  t.  a  1  1  ad,  .atuiilas  :  ;  t  !ii;ld 

mechanics  ,irid  ana.Ti^tny  o;  _-a:  •  :  a  1  ■  y  aon- 
trclled  Idboialvj’y  axy.  ;  i  n'.c  1. 1  a  .  Thi.-  iii- 

tert’stad  laaLlai  will  nave  ;u'  d  !  :  ;  i  eu  i  t  y 
IP.  d  1  soove  r  1  .-.a  ■ :  '‘ius.-  i  esepta- 

tiops  I  tound  t<  rr.e  qte.iteat  i::- 

teieat.  The,-  w.L;  b(.  at.-iiiiM-a  in  1 

follewina  na :  a:; !  afps  .  What  is  .^as  i-.b- 
Vleus  iS  what  :  V'tse  .  •  ifj.,  ;t,  „o 

let  H'.e  nake  that  sle,a;  at  t  h.-.  :><- 

giratina.  I  wi^l  :a.,t  be  rape  t  t  i  i.,,:  an  prev-.- 
entat  1,3ns  wtii-sr.  t-satutt'd  t  h.t  .  ;>.nriii.'a  x 
aspects  et  combustion  (detai.exi  reaction 
irechanisT,^  a  pci  .sira-tlcs,  t,^;  'ex  arrp,  1  f- )  , 
soot  teriTiation,  pollutant  ett.i  ss  len  ,  arui 
coal  con'bustior  (includi.’ia  t.uidized  bed 
combu  s  1 1  c .  I  have  aiso  ex,c'uaed  a  num¬ 
ber  :  des  1  an-c  I  1  ei. ted  inter  :'..a  1  combus¬ 
tion  enc-ine  studies  in  which  detailed 
medsuremtant  s  (of  velocity,  and  in  some 
cases,  temperature)  in.side  thi?  combustion 
chamber  were  reported.  Finally,  because 
this  was  t  fie  first  ^oint  nieetinq  of  the 
two  societies,  a  number  of  papers  of  du¬ 
bious  quality  Were  included  for  the  le- 
gitinidte  putptasxt  (in  the  context  of  this 
meetinq)  or  preseuitinq  a  complete  picture 
of  thx?  research,  activities  taltinq  place 
in  the  two  countries.  These  papers  have 
also  been  e.xcluded.  Finally,  froni  what 
remains,  the  reader  will  find  that  I  have 
decided  to  report  those  presentations 
(which  have  more  than  a  casual  connection 
with  coir.putat lona  1  fluid  dynamics  (CFD)  . 
Obviously,  this  is  because  of  my  own 
technical  interest-^. 

A  surprising  and  unintentional  out¬ 
come  of  the  selection  process  just  de¬ 
scribed  is  that  not  a  single  Italian 
presentation  is  reported  in  this  article. 
The  reason  is  that  the  strength  of  the 
Italian  combustion  conmunity,  judging 
from  the  program  and  the  sessions  which  I 
attended,  lies  in  the  experimental  as¬ 
pects  of  engine  combustion,  coal  combus¬ 
tion,  and  fuel  spray  characterization  and 
not  in  the  CFD-related  combustion  re¬ 
search,  which  I  have  chosen  to  report  on 
here . 

The  European  Communities  Combustion  Re¬ 
search  Program 

P.  Zegers,  Program  Manager  of  Energy 
Conservation  R&D  of  the  Commission  of  the 
European  Communities  (CEC)  described  the 
CEC  combustion  research  program  now  un¬ 
derway  in  the  European  Economic  Community 
(EEC)  .  This  program  was  underta)cen  in 
response  to  a  European  Community  (EO- 
sponsored  survey  of  European  combustion 
research  and  development  activities  car¬ 
ried  out  by  the  UK  Atomic  Energy  Research 


Establishment  ( AERK) -Ha  rwe  1  1  .•  i'ih".  Tt..- 

cxxnc  1  us  lon.s  of  this  report  w* ;  >  : 

•  The  scit'ntlfic  a.nd  tecr;n;oj.  .■■  ■■  '  f 

Euiopean  researc)i  woii;,-!;.  ,i:  :  ne- 

pean  research  i  ns  1 1 1  ut  i  o.-; w  . ■'  u - 
parable  to  those  tound  i  .v  t  '  -  i.-i.j 
J  apan . 

•  The  It/vel  of  funding  was  a,:,  p;.,*,  ;  r. 

general  (although  slightly  .  ;  w,  :  ’■’.xn 

the  I'S  and  Japan)  but  uiu-v-  :  I'.  iis- 


tr  ibuted . 

•  The  activity  was  tragmentee;  j,,,-  i  ’.y 

coordinated,  causing  unnect  .,.  ,i;  y  .vi- 
laps  ana  gaps. 

•  Communications  between  tl.e  siient  ;  •  i  r- 
and  industrial  sectors  was  po.yf, 
causing  slow  diffusion  of  pot  er.t  i  .i  i  .  y 
useful  results. 

Consequently,  in  1986  a  2-yeax  hmop,  ,in 
research  pxogram  in  combustict.  wms  initi¬ 
ated  with  $9  million  contributed  I'y  the 
EEC  and  an  equal  amount  thixxugii  cx.st- 
sharinq  provided  by  the  various  Kur'i  ['oan 
industries  and  Joint  Retsearch  Comj^, i  f  t  c-e 
(JRC)  ,  which  is  a  consortium;  of  f  ui'jpean 
automobile  manufacturers  inciuuir.g  Brit¬ 
ish  Leyland,  FIAT,  Peugeot,  Rxxnault, 
Volkswagen,  and  Volvo.  To  adcire;,.^  the 
lack  of  communication  between  t  i'.e  scien¬ 
tific  and  industrial  sectors  w)iich  was 
brought  out  in  the  Harwell  study,  all 
projects  were  designed  to  have  both  an 
academic  and  an  applied  character,  and 
the  sharing  of  information  wn.s  assured  by 
including  the  preparation  of  written  re¬ 
ports  and  attendance  at  periodic  contrac¬ 
tors'  meetings  as  "deliverables"  in  each 
contract.  Fourteen  separate  contracts 
have  been  let  under  this  program  in¬ 
volving  partnerships  of  40  industrial, 
university,  and  government  laboratories. 

The  first  CEC  project  is  being  man¬ 
aged  by  Harwell.  It  is  directed  toward 
the  basic  aspect  of  turbulent  combustion 
modeling,  chemical  kinetics,  elementary 
combustion  mechanisms,  and  advanced  di¬ 
agnostics.  On  the  theoretical  side,  an 
extension  of  the  "flamelet"  model  will  be 
explored  for  highly  turbulent  combustion. 
On  the  experimental  side,  the  modt'rn  di¬ 
agnostic  techniques  of  coherent  anti- 
Stokes  Raman  spectroscopy  (CAR.S)  and 
laser-induced  fluorescence  (LIF)  will  be 
pursued  for  cases  of  high-pressure  com¬ 
bustion.  In  the  kinetics  area  a  Kinetics 
Data  Center  will  be  establisixed  at  the 
University  of  Leeds,  UK,  which  will  serve 
as  a  "clearing  house"  for  new  and  already 
published  data  and  be  directly  accessible 
by  all  universities  and  industries  of  the 
EC. 

The  second  project  is  the  develop¬ 
ment  of  global  combustion  models  tor  op¬ 
timizing  the  performance  of  reciprocating 
engines  (both  diesel  and  Otto  cycle). 
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Fluid  Mechanics 
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• 'u !  bu  1 1  ■  nc^  *  1  n  (.  li  s  1 1 .1 1' .s  riio  alwa'/s  It  s.s 

riuin  IP  pi.T'.-i-nt  .  Finally,  toir.pi  ratuif- 
I'C nd  1 1  i oned  san.r-Iinq  of  the  I'oiocity 
:i'>.'asuron’'_-nt  s  nas  raised  crii-.  s  i  de  r  ab  i  e 
uuubt  about  tfie  adequacy  oi  con'sor.  1 1  ona  1 
k--  turbulence*  rrodelina  for  qas  turbine- 
con.bus  t .  •  :'s  .  In  particuiai  ,  he  has  found 
tiiat  h'..t  p'ick'ts  or  f^uid  li'avol  more 
.slow.ly  then  cool  ones  do,  which  demon - 
srr.it*.’s  that  that  transfer  n.odelinq  baS’od 
•'.•■.  the  so-called  gradient  diffusion  model 
must  inevitably  be  in  error.  Moreover,  a 
caretul  consideration  of  the  terms  re¬ 
quited  to  produce  an  accurate  calculation 
ot  the  radial  heat  flux  has  convinced  him 
•jf  the  importance  of  including  the  effect 
ot  the  itean  pressure  gradient  in  the  tur¬ 
bulence  model,  a  factor  which  is  not  in¬ 
cluded,  for  example,  in  the  k--*.  turbu- 
b.  r.i.'e  ir.odel.  L'nf or t ur.u te ly  ,  current  com- 
bustr>r  dosiqn.s  stem  to  favor  an  increased 
amount  of  preir.ixing,  which  appears  to  ac¬ 
centuate  both  the  importance  of  including 
the  t-fiect  of  the  mean  pressure  gradient 
and  r.c nqrad len t  diffusion.  For  such  sit¬ 
uations,  Whitelaw  believes  accurate  cal- 
culaticns  can  only  be  obtained  by  solu- 
tn.-n  o ;  the  Reynolds-stress  and  the  re- 
iated  hf-'.it  'Jlux  equations. 

Combust  li.'.*-.  Simulation  and  Modeling 

Pe-pirdless  of  how  the  chemical  re- 
•  icf  K.ns  ire  :sc  le  1  ed ,  some  way  must  be 
found  ti)  pr'.'Vide  adequate  spatial  resolu- 
t;i.;n  ■■.>:  the  f !  anie  fronts.  B.  Larrouturou 
lr..^titut  .National  dt  la  Recherche  en 
1  ;i  t  rma  t  >. -quo  et  en  Automatique  (INRIA)- 
iictr.ia  Anlip-'lis  (France)  presented  his 
a;  n  r  ..<1- ,  whic.'i  invol’v'es  a  moving  mesh 
s'.  :•  <■:;  -Aiiic;.  :;..i;(iw.s  the  flame  front  and 
■*T.i'.-!.  jUt  rratj  rally  adiust.s  its  finene.cs 
-.i  :  .'U  1  .it*  the  rapid  variations  in 
proper  ti-  •.  whi  'h  ar**  found  there.  The 
rlair*-  fr-.'n!  is.  ci.Titered  i  r.  tt.e  compula- 
':i'')P.a:  V  :,*■  by  moving  th*?  mesh  .orward  at 
t;;*'  I  1  ;  ;  a.".*  &ie*.'d.  Th.e  prciper  concen- 

!  rat  i  n  c- !  (vi  !  (  bar  rou  t  u  rou  use.s  a 

:  1  r;  1 1  (.  ■■ '.  *-rtient  o' *!i  pu  t  a  1 1  on  a  1  algorithm) 

i  .s  ach;*  •.I'll  tiirouuh  a  combi  nat  i  <.'n  of  dy¬ 
namic  .ana  static  rezoninq.  In  lecent  work 
La  1  t  ( I'a  t  u  r-ju  has  conditioned  the  static 
renor.inq  prnc.'sn  by  means  ot  a  nesn  func¬ 
tion  wliicii  refii-'Cts  the  local  "goodness" 
of  tht-  me-.sn.  'I'hat  i  ,s ,  it  reflects  the 
.i-cur.ii"/  iC  tli*’  spatial  a t‘P*' i f  i.on  and 
the  loc.il  m*:.!:  requ  1  <i  r  i  fy .  He  sliowed 
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dbiiilies  in 


•  ;  1 1  f-t-  i  oment 
;  >v  t  I  d  i  mt't  hod 


:  1  di  •  ;  (■  .  Borqhl  (L’ni- 

■  ,  i-r  d!.  described  two 

i:  ::  d  :<_.r  handlinq 

L’’-:d  idtw.  t-;.  tuibulence  and 

d  ;  r. .  I  r,.  ;  .;st  .  :  tht-.sc  two  papers 

I  1  r-- t  r  •  . . t  y  i|.  Nd'’.)  oo:. Corned  the  cal- 

jt  tnt.ir.e  coiTibunlion  in  a  model 
spi  r  k  -  I  ^.T' 1 1  1  cr-,  e:.qir.e  by  means  of  his 

; t  td.’ dc  t. ;  L,;.  Witr.  the  Mean  IIEM)  method. 
:  r.  these  calculations  the  mean  tempera¬ 
ture-  and  species  concentrations  were  ob- 
tain.ed  I  rom  thf-  KIV’A  code,  a  finite  ele- 
mer.t  code  for  general  purpose  internal 

combustion  engine  rtiOdelinq  developed  by 
the  Los  Alamos  Scientific  Laboratory,  New 
Mexico.  The  KIVA  code,  however,  requires 
mean  reaction  rates.  Borghi's  lEM  tech¬ 
nique  provides  this  information  by  means 
of  Lagrangian  balance  equations  for  the 
fluctuating  temperature  and  species  con¬ 
centrations  and  an  assumed  probability 
density  function.  Arrhenius-form  reaction 
kinetics  are  employed  in  the  chemistry 
model  which  is  based  on  a  complex  hydro¬ 
carbon  combustion  model  due  to  J. 
Warnatz,  Encouraging  results  for  the 
burned  fraction  of  fuel  and  oxidizer  and 
the  mean  pressure  as  a  function  of  crank 
angle  were  obtained  for  a  premixed-charge 
engine  with  a  compression  ratio  of  10  and 
an  equivalence  ratio  of  0.9,  but  no  spe¬ 
cific  comparison  with  experimental  data 
was  shown. 

The  second  paper  was  a  very  original 
contribution  in  which  Borghi  used  the 
Cellular  Automata  (CA)  approach  to  study 
turbulent  wrinkled  flame  propagation. 
Purpose  of  this  work  was  to  explore 
whether  the  CA  approach  in  conjunction 
with  a  simple  combustion  model  and  a 
random-walk  turbulence  simulation  could 
produce  a  realistic  variation  of  flame 
propagation  velocity  and  flame  thickness 
with  turbulence  intensity  and  turbulence 
length  scale. 

The  simulation  was  carried  out  in 
three  steps.  In  the  first  step,  all  fluid 
particles  were  displaced  in  accordance 
with  a  turbulence  field  of  specified  in¬ 
tensity  by  means  of  a  random-walk  proce¬ 
dure.  The  second  step  involved  examining 
the  particles  at  each  site  along  with 
their  nearest  neighbors  and  coalescing 
the  particles  on  the  site  lor  populating 
the  site  if  it  is  unfilled)  in  accordance 
with  a  simple  set  of  interaction  rules. 
The  third  step  consisted  of  propagating 


the  boundary  between  the  burned  and  un¬ 
burned  particles  (the  flame  front)  from 
the  burned  side  into  the  unburned  one 
with  a  prescribed  laminar  flame  velocity. 
Both  one-dimensional  and  two-dimensional 
(square  lattice)  simulations  were  carried 
out.  The  turbulent  flame  speed  was  de¬ 
termined  from  these  results  by  calcu¬ 
lating  the  mean  value  of  the  local  flame 
speed  over  the  entire  flow  field  and 
averaging  these  results  over  30  realiza¬ 
tions.  The  flame  thickness  was  obtained 
in  the  same  way  from  the  variance  of  the 
position  of  the  flame  front.  What  was 
found  was  a  nearly  linear  variation  of 
the  turbulent  flame  speed  with  turbulence 
intensity.  Its  slope  of  1.8  agreed  well 
with  a  slope  of  2,  which  is  often  cited 
from  physical  experiments.  In  addition,  a 
linear  relationship  between  the  turbulent 
flame  velocity  and  the  integral  length 
scale  was  found. 

These  numerical  experiments  are  only 
a  crude  approximation  of  what  happens  in 
an  actual  turbulent  flame,  and  only  the 
effects  of  turbulence  on  combustion  and 
not  the  reverse  were  included;  however, 
the  physical  realism  provided  by  the  re¬ 
sults  is  striking.  Now  that  the  basic 
model  has  been  established,  calculations 
for  other  cases  are  clearly  possible  (and 
have  been  done)  for  situations  involving 
multiple  scales  and  oblique  flames.  Al¬ 
though,  from  an  engineering  point  of 
view,  such  calculations  must  be  viewed  as 
being  fairly  simplistic,  the  phenomeno¬ 
logical  understanding  provided  by  such 
calculations  can  produce  improved  turbu¬ 
lence  models  which  in  turn  can  be  used  in 
the  solution  of  more  realistic  problems. 


Industrial  Applications 

An  industrial  furnace  application 
was  described  by  B.  Viollet  of  Elec- 
tricite  de  France  (Paris)  .  Separate  con¬ 
sideration  was  given  to  the  mixing  of  the 
flow  and  the  combustion  process  using  a 
zonal  computation  method  which  permitted 
the  different  scales  present  in  the 
mixing  and  the  combustion  regions  to  be 
separately  considered.  To  minimize  the 
errors  due  to  numerical  dissipation,  a 
bicharacteristic  integration  method  due 
to  Esposito  (1981)  was  used.  A  one-step, 
single-reaction,  fast-chemistry  model  due 
to  Jones  and  Whitelaw  (1982),  and  a  prob¬ 
ability  density  function  approach  using 
beta  functions  was  employed  in  order  to 
calculate  the  instantaneous  mass  reaction 
of  fuel.  In  the  calculations,  a  k-E  tur¬ 
bulence  model  was  used  and  a  separate 
equation  was  written  for  the  transport  of 
the  variance  of  the  mixing  rate.  Radia¬ 
tion  was  accounted  for  by  both  a  flux  and 
a  modified  discrete  transfer  method.  The 
high  values  of  the  mean  temperature  and 
turbulent  temperature  fluctuations  in 
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combustion  process  to  be  liquifnc:  it  the 
temperature  of  the  seawater  and  stored 
on-board  the  submarine.  On-boaid  storage 
of  the  combustion  products  i  .s  important 
in  order  to  avoid  the  tendency  (.ii  the 
submarine  to  rise  as  the  fuel  is  con¬ 
sumed.  The  combustor  is  62  mm  in  diame¬ 
ter  and  132  mm  long,  giving  it  a  pt.wer 
density  of  approximately  20  MK/mVatm. 

Considering  the  extremely  liigh  pri.os- 
sure,  the  design  of  the  combustor  appears 
to  be  surprisingly  conventional  with,  an 
array  of  film-cooling  slots  and  primary 
air  holes  around  the  periphery,  a  swirl- 
stabilized  injector,  and  a  ring  of  down¬ 
stream  dilution  holes.  The  design  exit 
temperature  is  900°C  with  cooling  of  the 
walls  provided  by  the  recirculation  of 
the  cooled  combustion  products.  Ignition 
is  by  means  of  a  plasma  jet,  and  flame 
control  is  provided  by  a  photocell.  The 
design  of  the  combustor  was  carried  out 
by  means  of  a  synergistic  combination  of 
a  number  of  in-house  and  commercial  codes 
which  are  shown  in  schematic  form  in 
Figure  1 . 

One  of  the  greatest  uncertainties  is 
the  character  of  the  spray  which  will  be 
formed  by  the  methanol  injectors  at  such 
elevated  pressures.  To  obtain  such  data 
a  series  of  tests  are  being  planned  at 
the  University  of  Rouen  (France).  A  12- 
month  series  of  low-pressure  combustion 
tests  are  planned  in  which  wall  tempera¬ 
ture,  gas  analysis,  pressure  drop,  and 
droplet  size  and  population  density  meas¬ 
urements  will  be  made.  This  work  is  par¬ 
tially  funded  by  EEC. 

Experimental  Investigations 

Three  combustion  experiments  were  of 
a  sufficiently  fundamental  nature  to  war¬ 
rant  reporting  here.  Tlie  first  of  the  ex¬ 
periments  was  carried  out  by  D.  Escudie 
at  the  Ecole  Centrale  de  Lyon  (France). 
The  motivation  for  the  experiment  was  to 
obtain  fundamental  understanding  of  the 
interaction  between  the  flow  field  and 
combu.stion  in  a  simple  physical  configu¬ 
ration.  The  experiment  consisted  of  a 
lean,  premixed,  laminar  hydrogen  flame 
stabilized  by  a  0 . 4 -mm-diamc ti  ■  r  platinum 
wire.  The  flame  was  surrourided  by  a 
1 1 4-m.Ti-diam(:tor  Pyrex  tube  in  whiei!  s.mall 
circular  rods  of  0.4 -mm  and  i.0-i;in'  diam- 
eteir  cciu  Id  be  mounted 
tanci.-.'.  upstrc'.in;  of  the 
u  r  e  2  )  . 

Me  a  su  t  eni'cn  t  s  were 
laser  boppler  anoii.ometry 
flow  was  seeded  with  aluminum  ailicatoj 
parti-'ies)  a.nd  with  lai;er  1. 1  iiioq l  ajih'.'  in 
which  the  flame  was  visual  ize-d  by  ttio 
.smoke  of  burning  incen.s(.‘.  Th.'  phci.on.f'non 
ot  i.ntere.sL  was  interaction  beiwc'en  the 
Karman  vortex  street  shed  from  the  circu¬ 
lar  cylindei  and  the  flan.e.  The  small 
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^  ■  injection  velocity  evaporation  time,  droplet 
penetration 


EQtTL 

Temperatures  and  equilibrium  concentration.. 
in  the  dilTerent  zones 


HOT 

Combustion  kinetics  in  bomogeneous 
reactors 


Distribution  of  injected  flow 


Calculation  of  temperature  and  calculation 
from  the  residence  lime  and  88  elementary 
reactions  in  the  4  zones 


COOL 

Thermal  combustion-chamber  balance 


,  Wall  temperature  as  a  function  of  radiation, 
!  convection,  and  film  cooling 


DROP 

Dimensioning  of  iqjection  oriTices 


Number  and  dimension  of  orifices  in  the 
,  combustion  chamber,  losses,  flow  balances 


ELUENT 

3-D  aerothermochemical  code 


1 1  ^liminary  calculations  -  flow  field, 
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j  I  droplets  trajectories,  film  and  dilution  jet 
i !  effectiveness 
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— 

Figure  1.  MESMA  design  strategy. 
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;roduc,--d  a  lamimr  Karman  vortex 
’-tH  effect  was  to  produce  a  wrin- 
klf;;  fi  7,^:7  front  in  which  the  wavelength 
was  wo]]  dufir.ed  and  equal  to  that  of  the 
vortex  sfroet.  The-  amplitude  of  the  wrin- 
k 'i  1  r  rirst  in-.-reases  and  decreases,  pos- 
sidly  duf  to  the  density  reductions  of 


the  flame  front,  until  the  amplitude  of 
the  wrinkles  become  approximately  equal 
to  the  width  of  the  vortex  street.  Fur¬ 
ther  downstream,  the  amplitude  of  the 
wrinkling  decreases  again  and  eventually 
disappears  as  the  vortex  street  is  con¬ 
sumed  by  the  combustion  process. 
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The  larger  diaitieter  wire,  when  elas¬ 
tically  mounted  and  allowed  to  vibrate  in 
response  to  the  aerodynamic  forces  by  the 
shed  vortices,  again  produced  a  laminar 
vortex  street  but  with  greater  amplitude 
and  strength.  Like  the  previous  case,  a 

jttern  appears  along 
wever,  the  increased 
tex  street  seems  to 
y  with  it.  In  the 
er  rod  was  held  in  a 
and  a  turbulent  vortex 
street  was  produced.  Here  the  perturba¬ 
tions  are  of  larger  scale  than  the  flame- 
front  thickness  and  both  sides  of  the 
flame  are  affected  by  the  presence  of  the 
cylinder.  On  the  side  of  the  flame  facing 
the  cylinder,  the  high  intensity  of  the 
vortex  street  produces  a  sufficiently  in¬ 
tense  shear  that  the  flame  is  stretched, 
perhaps  to  the  extent  of  local  extinc¬ 
tion.  On  the  other  side  of  the  flame  a 
regular  disturbance  is  seen. 

Another  interesting  fundamental  ex¬ 
periment  was  described  by  B.  Deshaies 
of  the  Ecole  Nationale  Superieure  de 
Mecanique  et  d ' Aerotechnique  (Poitiers, 
France).  The  objective  was  to  confirm 
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third  case,  the  1 
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fixed  position,  ; 

by  a  fiat  stagnation  surface  or;  which  it 
was  assumed  that  adiabatic  conditions 
existed.  By  varyinc  the  velocity  profile 
at  the  burner  exit,  various  flame  shapes 
could  be  produced  from  a  clas.sical  fiat 
flame  to  iin  invertei.1  curved  flame  with 
the  center  of  curvar  re  located  in  the 
burned  gases.  The  velocity  gradient  and 
the  flame-front  curvature  were  measured 
with  LDA  and  laser  tomoqraphy,  respec¬ 
tively.  In  both  cases,  the  flow  was 
seeded  with  small  oil  droplets.  Since 
the  temperature  of  the  flame  front  far 
exceeded  the  boilinq  point  of  the  oil,  it 
was  impossible  to  measure  the  velocity 
gradient  at  the  flame  front  itself  and 
therefore  an  extrapolation  procedure  was 
worked  out  using  an  approximate  flame- 
front  evolution  model.  Despite  this 
shortcoming,  it  was  concluded  that  the 
data  verified  the  expected  linear  depend¬ 
encies  on  curvature  and  velocity  gradient 
to  within  a  few  percent.  Further  experi¬ 
ments  are  underway  in  which  seeding  by 
submicron-size  solid  refractory  particles 
will  be  used  to  obtain  an  improved  meas¬ 
urement  of  the  velocity  gradient  at 
the  flame  front.  In  addition,  stronger 
amounts  of  curvature  (both  positive  and 
negative)  will  be  investigated  to  further 
explore  the  limits  of  the  theory. 

The  objective  of  the  work  presented 
by  S.  Zikikout  of  the  Ecole  Centrale  de 
Paris  was  to  examine  the  extinction  of 
turbulent  non-premixed  flames  by  low- 
frequency  self-induced  oscillations.  The 
geometry  consisted  of  a  300-mm-long,  50- 
m-wide,  100-mm-high  glass-walled  combus¬ 
tion  chamber  fed  by  three  pairs  of  pro¬ 
pane  injectors  (see  Figure  3).  Propane 
injectors  consist  of  six  spanwise  slots 
mounted  in  pairs  around  which  the  air- 
passes  into  the  combustion  chamber  from  a 
3.8-m-long  duct  upstream  of  the  injec¬ 
tors.  In  the  experiments,  the  equivalence 
ratio  was  varied  between  0.2  and  1.2  and 
the  air  flow  was  varied  between  6  and 
24  gms  per  second.  The  instrumentation 


~nc  iniiuence  or  streten  ana  curvature  on 
the  laminar  burning  velocity  in  premixed 
flames  which  is  suggested  by  tiie  theory 
of  Clavin  and  Joulin  (1983).  For  axisyra- 

AiooMtle  0«et 
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metric  flows,  the  theory  predicts  a 

linear  dependence  of  the  nondimensional 

lijactor  ■!«*  ^ 

flame  speed  on  tlie  curvature  of  the  flame 
and  on  the  velocity  gradient  in  the  fres)i 

mixture  at  the  flame  front.  The  experi¬ 

mental  setup  which  was  used  to  verify 

AowMtlc  Dri»»r» 
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this  relationship  consisted  of  a  verti¬ 

\  Inl«t 

<*■> 

cally  oriented  "flat  flame"  burner  which 

fiodovi 

contained  a  sufficient  number  of  damping 
screens  and  honeycombs  that  an  axisym- 
metric  lam, mar  flow  was  produced.  The 

reactive  mixture  consisted  of  a  loan 
(0.80  equivalence  ratio)  air/propane  mix¬ 
ture  in  which  the  flame  was  stabilized 


Figure  3 . 
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isicci  '!  .1  cro^  located  both  in- 

c.L‘  ac.d  ou'T'tC'-'  tt;e  combustion  chamber, 
pr.  c  t  1 1  1  r  1  lo  r  rube  equipped  with  an 

:  icir.i.ite  ri’rt.-:'  rrr  spectral  measure- 
nr,  of  :  le-^  radical  (C-  or  OH)  emission 
c.  SCO.  1 1  e  r-^  ::  :  1. ow-v  1  sudl  i  zat ion  sys- 

Sr; -o  c  r.-.  1  ana.ysis  vl  the  acoustic 
ir.a^s  r-'Vealed  the  existence  oi  acous- 
v-  sc  i  1  1 1  ^  ^  yp4  jp.d  340  Hz  at 

icf,  d  e.'.  i  e  s  1  or.  studies  in.dicated  that 
r  .-.e:  the  partial  total  extinction  of 
:  .a:-,.,  cccurta  d,.  An  examir.ation  of  the 
.V-  .  ctral  dei.sity  of  the  acoustic 

::  if  roveeh.frd  ti'.at  the  oscillations 
ro  nt  at  J40  Kz  and  is  thought 

:-,-ul'  :ro:t  i ;;  s  tabi  1 1 1  les  produced  by 
'.rteractr  ts  bt-twoen  t)a_  tlames.  The 
■.  ,  .tr.  at  the  lower  frequency  is 
.:.t-  ir.d;  .'or re spc;;os  to  the  Icw- 

;'.e:.;y  .'vclic  ctimbusticn  resulting 
c  .'t  i_ !  e  rwr-en  tire  heat  re- 

r^::  .inc;  t:.-’  acoustic  field. 
;■  :  ti.drtions  A'h..Tc  the  oscillations 
, •  ;:,t-  e  ,  d.iscrete  structures  can 

;  :e:,f  .  ;  ;  the  schlieron 


■  .  .-.terrsi  ty  of  the  discus- 

t.eu  pij.'e  during  and  afte;r 
1  r-  Sen  t  atiC'.-.s  ,  it  was  clear 
't:v.  of  -shuririq  information 
lurch  programs  in  France 
was  well  rm.‘t  during  tills  meet- 
t.'.  eti..  ;  provided  a  forum  in 
'  :ci.:ies.s  of  c<,'' 1  laborat ive  ac- 
i-rr,  h-.'  "v.-o  cou.ntrie.s  could 
The  db'd '  s  combustion  pro- 
■  .  at  -  :.js  ta.'et  i  nq  provides  a 
w.ti  research  can  be 


:  .i  -.i  .  .louiin,  r.j- 

•  ■  •  11  9Sj/  ,  44:  L1-L12. 

"  .oucior;  bidimension- 
1  if  j  o;.:-.  lit;  transport  par 
I  racter  i  ;jt  iques  ,  "  . 
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:ei  ding  turbulent 


;  y  ■  '  'o-  ;,oNT 

W  . ' 


•  .Joint  Work- 
Kbaw.i;  w:is  lie  Id 


in  Rouen,  France,  from  6  through  10  July 
198"’  to  discuss  current  activities  tai<i;.a 
place  in  turbulent  reactive  flows  in  the 
US  and  France  and  to  explore  opportuni¬ 
ties  for  collaborative  research  between, 
the  two  countries.  The  meeting  was  joint¬ 
ly  sponsored  by  the  US  National  Science- 
Foundation  and  the  French  Centre  National 
de  la  Recherche  Scientifique  and  was  oi - 
ganized  by  Professor  R.  Borghi  of  the 
University  of  Rouen  and  Professor  S.N.B. 
Murthy  of  Purdue  University.  Attendance 
was  by  invitation  only  and  restricted  to 
those  people  actively  involved  in  turbu¬ 
lent  reacting  flow  research  in  the  two 
countries,  plus  ONRL-sponsored  observers 
from  Spain,  Germany,  and  the  UK.  Forty- 
seven  presentations  were  made  during  3- 
day  meeting.  Most  of  the  papers  were 
distributed  in  advance  of  the  meeting  and 
it  is  anticipated  that  a  complete  pro¬ 
ceedings  will  be  published  by  Springer- 
V’erlag  in  their  .'eatu^e  Sey'ie.s  pi;;;-'- 

*■-  e e  vi no . 

Sessions  were  organized  on  the  fol¬ 
lowing  topics: 

•  Structure  of  turbulent  flames 

•  Measurements 

•  Supersonic  combustion 

•  Numerical  methods. 

In  the  following  paragraphs  I  will  con¬ 
centrate  on  the  French  contributions  to 
these  sessions.  Contributions  from  coun¬ 
tries  other  than  France  will  be  specifi¬ 
cally  noted. 

Flame  Structure  Theory 

In  a  joint  paper,  P.  Clavin  (Uni- 
versite  de  Provence,  Marseille)  and  G. 
Joulin  (Universite  de  Poitiers)  described 
their  recent  studies  of  the  structure  and 
propagation  of  wrinl^led  flames.  Joulin 
said  that  there  were  really  two  ap¬ 
proaches  to  studying  flame  structure.  One 
is  to  study  special  configurations  (such 
as  planar  flames  or  stagnation  flows)  in 
which  the  theoretical  analysis  of  the 
problem  is  simplified  by  concentrating  on 
presence  of  only  a  single  effect  (high 
strain  rate,  for  example).  The  other  ap¬ 
proach  is  to  study  general  configurations 
(such  as  wrinltled  flames)  but  to  allow 
only  small  values  of  strain,  curvature, 
etc.  to  be  present  with  the  hope  of 
carrying  out  the  analysis  by  means  of 
small-perturbation  methods.  Their  wor)c, 
in  which  highly  corrugated  flames  were 
examined  in  order  to  study  the  effects  ol 
weai^  strain,  curvature,  and  heat  release, 
IS  an  example  of  the  second  approach. 

By  expressing  the  burning  velocity 
as  a  small  perturbation  on  the  laminai- 
flame  speed,  Joulin  examined  the  influ¬ 
ence  of  the  curvature  tensor  and  the  ve¬ 
locity  field  and  excluded  various  terns 
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on  the  basis  of  order  of  magnitude  esti¬ 
mates  and  physical  reasoning.  Eventually, 
he  was  able  to  express  the  burning  rate 
in  terms  of  the  laminar  flame  speed  and 
perturbations  involving  the  local  radius 
of  curvature  of  the  flame  front  and  a 
rate  of  strain  tensor  value  at  the  flame 
front.  Joulin  insisted  that  care  must  be 
exercised  in  allowing  for  local  geometric 
and  kinematic  conditions  in  writing  the 
jump  relationships  for  wrinkled  flames. 
Solving  for  the  topology  of  the  flame 
front  is  an  extremely  difficult  hydro- 
dynamical  free-boundary  problem.  However, 
it  can  be  shown  that  the  wave  length  of 
the  so-called  Darrius-Landau  instability 
in  laminar  flames  is  selected  from  the 
high-frequency,  small-scale  turbulence  in 
the  oncoming  flow  and  that  the  low- 
frequency,  large-scale  turbulence  in  the 
oncoming  flow  is  responsible  for  the 
intermittency  of  the  flapping  flame 
front . 

The  matter  of  whether  or  not  laminar 
flamelets  have  a  fractal  dimension  was 
the  topic  of  the  paper  by  F.C.  Gouldin 
(Cornell  University,  Ithaca,  New  York). 
The  determination  of  fractal  dimension 
is  rather  like  coherent  structures  in 
that  different  individuals  see  different 
things.  This  situation  is  complicated  by 
the  fact  that  the  experiments  upon  which 
these  determinations  are  based  usually 
consist  of  relatively  small  samples;  the 
situation  is  further  complicated  by  the 
fact  that  the  extent  of  the  inertial  sub¬ 
range  is  rather  limited  due  to  the  small 
Reynolds  numbers  which  characterize  these 
tests.  P.E.  Dimotakis  of  the  California 
Institute  of  Technology  (Pasadena)  in¬ 
sisted  that  the  flames  which  he  has  in¬ 
vestigated  have  no  fractal  dimension.  P. 
Clavin  (Universite  de  Provence,  Mar¬ 
seille)  added  that  in  calculations  which 
he  had  done  of  a  cellular  flame  (by  means 
of  a  lattice  gas  model)  he  was  unable  to 
find  a  fractal  characterization  of  the 
flame,  either.  N.  Peters,  Rheinisch-West- 
falischen  Technischen  Hochschule  Aachen 
(West  Germany)  ,  added  that  the  fractal 
conjecture  of  turbulent  flames  may  or  may 
not  be  true;  however,  the  concept  pro¬ 
vides  a  nice  way  of  thinking  about  the 
relationship  between  turbulence  and  lam¬ 
inar  flame  speed  (in  terms  of  the  fractal 
area  of  the  flame  front) . 

Professor  A.  Lihan  (Universidad 
Politecnica  de  Madrid,  Spain)  presented 
his  work  on  diffusion  flame  attachment. 
He  seems  to  have  made  some  progress  re¬ 
cently  in  conceptualizing  the  m.athemati- 
cal  character  of  the  flame  attachment 
process  and  in  unravelling  some  of  the 
mathematical  dependencies  within  the 
problem..  He  distributed  a  complete  set 
of  notes  which  summarized  his  current 
understanding  of  the  problem.;  I  would  be 


happy  to  distribute  them,  to  anyone  i-.aving 
an  interest  in  this  work. 

Flame  Structure  Experiments 

D.  Escudie  (Ecole  Centrale  do  Lyon) 
described  her  study  of  the  structure  or  a 
laminar  flame  front  interacting  with  vor- 
ticies  generated  by  an  upstream  rod.  An 
interesting  new  aspect  oi  her  work  i.s  ti.e 
investigation  of  the  interactio.n  ci  a 
single  vortex  (rather  tl'.an  .a  '’orte,\- 
street)  with  a  flam.e.  As  possibit-  mean.n 
for  generating  such  a  vortex  sl-.e  has  b.-en 
experimenting  with  a  thin  baffle  pliitf? 
and  an  aspirated  circular  cylinder.  In 
the  latter  case  the  rate  of  acceleratio.-'. 
of  the  baffle  plate  provides  control  over 
the  vortex  strength. 

The  paper  by  Ph.  Goix  (Universite  de 
Rouen)  was  much  in  the  same  spirit  as 
that  presented  by  Escudie.  In  this  case, 
however,  the  flow  was  turbulent  and  what 
was  of  interest  was  not  the  influence  on 
the  flame  of  the  vorticies  produced  by  a 
single  upstream  rod,  but  rather  tlie  ef¬ 
fect  on  the  flame  of  the  vorticies  pro¬ 
duced  by  an  upstream  grid.  I  had  seen 
some  of  this  work  during  my  visit  to 
Rouen  in  May  of  this  year  (.-'d.V  41-4:213- 
215  [1987]).  Laser  Doppler  anemometry 
and  laser  tomography  were  used  to  n;easure 
the  effect  of  the  grid-generated  turbu¬ 
lence  on  the  mean  and  turbulence  veloci¬ 
ties  and  flame  front  structure  of  a  lean, 
V-shaped,  turbulent,  hydroger.-air  flame. 
The  experiments  were  carried  out  for  both 
an  unconfined  flame  and  cases  whore  nega¬ 
tive  pressure  gradients  of  40  Pa/m  and 
72  Pa/m  were  maintained.  Close  to  the 
flame  holder,  a  strong  reduction  of  the 
velocity  fluctuations  is  observed  within 
the  flame,  resulting  from  an  increase  in 
the  dissipative  terms  due  to  the  tempera¬ 
ture  increase  within  the  flame.  Far  down¬ 
stream,  a  strong  increase  of  the  axial 
component  of  turbulence  velocity  is  ob¬ 
served.  This  effect  is  accentuated  by 
the  mean  pressure  gradient  and  is  nonex¬ 
istent  for  the  unconfined  (zero  pressure 
gradient)  case.  The  pressure  gradient 
also  has  the  effect  of  increasing  the 
value  of  the  Reynolds  stress. 

In  the  spirit  of  turbulence,' flame 
interaction,  but  not  as  yet  involving 
combustion,  was  the  work  of  J .  K .  Gence 
(Lab  oratorie  de  Mecaniquc  des  Fluilei, 
Ecole  Centrale  de  Lyon).  If  conc-Tned  the 
measurement  of  the  decay  f  contnvntration 
fluctuations  of  a  fluoresce.nt  dye  in¬ 
jected  downstream  of  a  grid  in  .i  water 
channel.  In  a  combustion  context  one 
could  think  of  the  dye,  which  was  in¬ 
jected  through  holes  drilled  into  the 
nodes  of  the  grid,  as  beina  the  fuel  and 
the  water  as  being  the  oxidixer.  The 
decay  of  the  concentration  f  lu.-tuat  ions 
of  the  dye  is  a  direct  naasui.i  of  th.' 
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ability  of  the  flow  field.  Cor.cen- 
t  ration  n.casurement  s  are  much  more  dif- 
ficiiit  in  water  than  they  are  in  air  be- 
-'aiiai:  the  s:nail  molecular  dilfusivity  of 
war-T  p;  auoes  dissipative  .scales  that 
a;>  two  orders  of  .magnitude  smaller  than 
th.ose  ii'Ur.d  in  air.  The  classical  tech¬ 
nique  re;  n.akir.q  such  measurements  is  to 
L.,  e  ..  o  j.;a  ;  1  i-i  t  y  probe,  but  in  prelimi¬ 
nary  exr  ■  riments  Gei'.ce  discovered  that 
ev-.n  tn.e  smaxicst  conductivity  probe  was 
too  l.iroo  to  resolve  the  spatial  and  tem- 
p.  r a  1  "urtaleuoo  scales  which  were  pres- 
•-•::t.  t'sin.a  1  a  se  r- i  nducod  fluorescence 
(hill  circumvented  these  problems.  The 
t.-St  section  downstream  of  the  grid  was 
1  1  iur  1 iteu  with,  an  argon  ion  laser  and 
t  r.e  a.toun.t  or  radiation  absorbed  by  the 
iye  ( rn.oc.ami  r.e  B)  was  measured  by  a  pho- 
ton.ui  t  ip.  l  lu  r  tube  masked  by  a  100-um- 
iiameter  tin  hole.  Sim.ple  arguments  can 
b'c  u^od  to  show  tlidt  the  amount  of  radi¬ 
ation  absorbed  is  proportional  to  the 
local  concentration  of  the  dye  and  is 
thus  a  .measure  of  the  amount  of  mixing 
which  has  taker,  place.  The  experiments 
were  carried  out  in  a  1-m-long  test  sec- 
ticn  of  a  ■’.7-cm‘  water  channel  at  a  ve¬ 
locity  of  0.5  m/s.  The  Taylor  microscale 
6U  cm  downstream  of  the  grid  consisting 
of  rods  arranged  in  a  square  6-nun 

n.f'Sh  was  found  to  be  120  urn.  The  resolu¬ 
tion  of  the  concentration  measurementm 
obtai.-.ed  with  LIF  was  100  time.s  that  ob¬ 
tained  with  the  conductivity  pulse. 

Gerce's  future  plans  include  re- 
liucing  the  optical  size  of  the  probe  vol¬ 
ume  (perhaps  30  urn  is  the  practical  lim¬ 
it)  ,  to  use  two  fluorescent  dyes  so  that 
the  cf.mcentration  fluctuations  in  both 
"fuel"  and  "oxidizer"  can  be  measured 
si.multdneously ,  and  eventually  to  use 
reacting  fluorescent  dyes  so  that  the 
initial  stages  o'"  a  chemically  reacting 
flew  can  be  simulated. 

(.'.nperturbed  flame  structure  was  the 
topic  of  D.  Stepowski  (Universite  de 
Houen).  He  considered  a  turbulent  hy- 
droqtr.-air  diffusion  flame  in  which  in¬ 


star. taneous  radial  profiles  of  OH  fluo¬ 
rescence  and  Rayleigh  scattering  were  ob¬ 


tained.  The  flame  had  a  vertical  orienta¬ 
tion  and  was  produced  by  a  central  jet  of 
n  1 1  rot;.  :.-di  luted  hydrogen  surrounded  by  a 
corl'.winq  ct.-eam  of  air.  The  fuel  pipe 


.  diameter  and  was  fed  with  a 
(ley  volume)  mixture  of  hydro- 
roqen.  The  fuel  jet  velocity 
'Ihe  coflowing  air  stream  was 
a  1 0-cm-diameter  coaxial 
;r  stream  velocity  wa.s  10  m/s. 
'■rqy  equation  was  used  to  cal- 
'.mum  heat  release  using  the 
iture  second  derivative  of  the 
profile  (obtained  from  the 
'Otering  measurements).  The 
:■  ;,ult  of  the  experiments  was 


that  temperatures  far  liclow  the  limits 
given  for  the  maintenance  of  a  steady 
diffusion  flame  under  maximum  strain  con¬ 
ditions  were  measured.  These  low  temper¬ 
atures  were  attributed  to  intermittent 
extinctions  due  to  turbulent  stretching. 

T.A.  Baritaud  of  the  Institut  Fran- 
cais  du  Petrole  (Rueil-Malmaison)  inves¬ 
tigated  the  structure  of  tlio  flame  pro¬ 
duced  in  an  experimental  engine  running 
with  a  lean  propane-air  mixture.  The 
engine  was  a  single-cylinder  production 
engine  with  a  compression  ratio  of  6  and 
an  86-mm  bore.  Optical  access  for  the 
schlieren  flow  visualization  was  provided 
both  horizontally  through  windows  pro¬ 
vided  in  the  side  of  the  cylinder  and 
vertically  by  means  of  a  transparent  pis¬ 
ton  and  mirrored  cylinder  head.  From  the 
surface  of  the  flame  front  obtained  from 
the  schlieren  photos  an  equivalent  burnt 
kernel  radius  was  obtained;  and,  since  a 
measure  of  time  was  provided  by  the  rota¬ 
tional  speed  of  the  engine,  the  evolution 
of  this  burnt  kernel  radius  as  a  function 
of  time  could  be  obtained.  What  was  found 
was  that  the  flame  front  was  always  tur¬ 
bulent  and  that  the  flame  speed  (the 
slope  of  the  burnt  kernel  radius-time 
curve)  increased  with  increasing  engine 
speed.  This  contrasts  with  previous  con¬ 
jectures  in  which  it  was  postulated  that 
the  flame  propagated  laminarly  and  inde¬ 
pendent  of  engine  speed.  It  was  found 
that  as  the  engine  speed  was  increased 
the  higher  turbulence  levels  produced  an 
increased  amount  of  wrinkling  and  the 
minimum  size  of  the  wrinkles  decreased. 
An  interesting  feature  of  the  experiments 
is  that  with  increasing  kernel  radius  the 
flame  velocity  first  decreases  and  then 
increases  again.  This  phenomena  is  not 
completely  understood.  Baritaud  hoped 
that  his  data  will  lead  to  improved  com¬ 
bustion  models  for  spark-ignition  en¬ 
gines.  Such  models  he  emphasized  must 
account  for  the  flame  ignition,  propaga¬ 
tion,  and  wall-dominated  combustion  re¬ 
gimes.  It  turns  out  the  wall-dominated 
combustion  regime  (where  the  flame  front 
is  less  than  1  cm  from  the  cylinder 
walls)  accounts  for  more  than  65  percent 
of  the  combustion  process. 

The  paper  by  E.  Esposito  (Ecole  Cen- 
trale  de  Paris)  was  the  last  presentation 
on  this  topic.  It  concerned  an  exhaustive 
set  of  experiments  conducted  to  study 
premixed  combustion  instability  mecha¬ 
nisms  present  in  a  multiflame,  bluff- 
body-stabilized,  rectangular  combustor. 
Of  particular  interest  was  the  obtaining 
of  an  understanding  of  the  coupling  be¬ 
tween  the  combustor  acoustics  and  the 
combustion  process.  The  fuel  u.sed  was 
propane,  which  was  admitted  to  the 
100>'100  mm^  ,  200-mm-long  conil)U,stor  past 
six  backward- faci ng  step.s  which  served  as 
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Figure  1 .  Combustor  for  investigating 
instability  mechanisms. 


flame  stabilizers.  Figure  1  is  a  schemat¬ 
ic  representation  of  the  combustor  test¬ 
ed.  The  instrumentation  consisted  of  a 
spark  schlieren  apparatus,  a  C2-emission 
system  for  measuring  the  instantaneous 
local  heat  release,  and  a  microphone, 
which  provided  a  reference  signal  for 
phase-average  imaging.  Both  self-excited 
and  externally  excited  instability  mech¬ 
anisms  were  investigated. 

In  the  first  series  of  tests,  phase- 
averaged  digitized  images  of  the  local 
heat  release  patterns  in  the  duct  were 
compared  with  the  simultaneous  schlieren 
visualizations  and  the  pressure  signals 
returned  by  the  upstream  microphone  to 
investigate  the  structure  of  self-excited 
combustion  instability  and  the  nature  of 
the  feedback  mechanism.  The  instability 
mode  of  interest  was  the  principal  longi¬ 
tudinal  acoustic  mode  of  the  combustor 
and  corresponded  to  a  frequency  of 
530  Hz.  In  the  results  presented  in  Espo¬ 
sito's  paper  this  condition  was  reached 
at  an  inlet  jet  velocity  of  40  m/s  and  an 
equivalence  ratio  of  0.92.  The  schlieren 
photographs  revealed  large  vortical 
structures  which  were  shed  at  the  flcune 
holders  in  response  to  pressure  waves  re¬ 
ceived  from  a  region  of  intense  combus¬ 
tion  located  approximately  10  jet-widths 
downstream.  This  vortex  proceeded  down¬ 
stream  along  the  jet,  growing  in  magni¬ 
tude  and  eventually  terminating  in  a 
mushroom-shaped  cap.  As  adjacent  caps 
merged  and  left  the  combustor  they  left 
behind  them  a  region  of  high  turbulence 
intensity  in  which  intense  combustion 
took  place,  resulting  in  a  pressure  pulse 
which  propagated  upstream  and  provoked 
the  vortex  shedding  at  the  flame  holders, 
thus  reinitiating  the  process  just  de¬ 
scribed  and  completing  the  feedback  mech¬ 
anism.  A  subsequent  examination  of  the 


microphone  signals  revealed  that  the 
pressure  pulses  were  in  quadrature  with 
the  global  heat  release  which,  according 
to  Rayleigh's  criterion,  is  a  requirement 
for  self-sustained  acoustic  oscillations. 

In  the  tests  in  which  external 
acoustic  excitation  was  used,  the  driver 
was  adjusted  to  the  frequency  of  the  hy¬ 
drodynamic  mode  of  the  jets.  This  pro¬ 
duced  a  strong  low-frequency,  sinuous 
flapping  of  the  jet  accompanied  by  small 
vorticies  generated  at  the  excitation 
frequency.  The  low-frequency-induced 
flapping  motion  of  the  jets  made  it  im¬ 
possible  to  use  the  phase-average  imaging 
method  used  in  the  previous  test  since 
the  flapping  is  the  result  of  the  super¬ 
position  of  many  different  modes.  In¬ 
stead,  Esposito  used  a  spectral  proc¬ 
essing  technique  from  which  frequency- 
filtered  maps  of  the  local  intensity  gra¬ 
dient  and  local  instantaneous  heat  re¬ 
lease  fields  were  obtained.  Simultaneous 
measurements  of  combustion  intensity  and 
local  density  gradients  were  made  by  C2 
emission  and  the  deviation  of  a  laser 
beam  (see  Figure  2)  .  The  data  appeared 
to  be  relatively  new,  and  little  inter¬ 
pretation  of  the  results  was  reported. 

Supersonic  Combustion 

The  National  Aerospace  Plane  (NASP) 
and  the  HERMES  projects  have  rekindled 
interest,  both  in  the  US  and  in  Europe, 
in  the  problems  of  hypersonic  flight.  In 
contrast  to  the  AGARD  hypersonics  meeting 
(ESN  41-8:430-437  [1987])  which  concerned 
itself,  primarily,  with  the  external 
aerodynamics  of  hypersonic  vehicles,  this 
session  was  concerned  with  the  propulsion 
aspects.  In  an  air-breathing  vehicle, 
such  as  the  NASP,  it  is  generally  ac¬ 
cepted  that  combustion  processes  will 
have  to  be  carried  out  at  supersonic  ve¬ 
locities  with  respect  to  the  vehicle. 


OPTICAL  ARRANGEMENT  FOR  SPECTRAL  MAPS 
SIMULTANEOUS  MEASUREMENTS  OF  C3- RAO  I  CAL 
EMISSION  AND  LASER  DEVIATION 


Figure  2.  Simultaneous  combustion  inten¬ 
sity  and  density  gradient  measurements. 
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Figure  3.  Wall  injection  into  a  supersonic  free  stream. 


Professor  J.  Swithenbank  (University  of 
Sheffield,  UK),  in  a  paper  which  re¬ 
viewed  various  aspects  of  hypersonic  air- 
breathing  engine  design,  pointed  out  that 
high  engine  performance  and  good  combus¬ 
tion  efficiency  can  be  conflicting  re¬ 
quirements.  This  is  because  high  combus¬ 
tion  efficiency  requires  good  mixing, 
which  requires  high  turbulence,  which  re¬ 
duces  the  kinetic  energy  of  the  flow, 
which  reduces  the  engine  performance. 
Practical  methods  for  producing  the  re¬ 
quired  amount  of  turbulence  often  serve 
the  dual  role  of  providing  flame  stabili¬ 
zation.  It  is  important  that  the  losses 
associated  with  the  operation  of  such 
devices  be  minimized.  Swithenbank,  whose 
experience  in  this  field  goes  back  to  the 
mid-1960's,  feels  that  the  double  comb 
injector  has  much  to  offer  in  this  con¬ 
nection  and  has  proposed  to  the  AFOSR  a 
refurbishment  of  his  Mach  3.5  combustion- 
driven  hypersonic  shock  tunnel  to  verify 
this  and  other  aspects  of  supersonic  com¬ 
bustor  design.  It  appears  that  he  intends 
to  use  his  new  multipoint  laser  anemome- 
try  technique  (.'F.7  40-5:  165-169  [1986]) 
to  provide  flow  diagnostics  in  connection 
with  these  tests.  He  also  suggested  that 
the  FLUENT  code  to  which  he  has  recently 
contributed  swirling  flow  models,  could 
(with  modification)  be  profitably  used  to 
provide  numerical  simulations  of  such 
flows . 

Further  discussion  of  means  for 
achieving  flame  stabilization  in  a  super¬ 
sonic  flow  was  provided  by  M.  Barrere 
of  the  Office  National  d'Etudes  et  de  Re- 
cherches  Aerospa ti a les  (ONERA) ,  Paris. 
Barrere  was  in  charge  of  ONERA’ s  super¬ 
sonic  ramjet  (scramjet)  program  until 
lack  of  funding  brought  it  to  a  halt  in 
1974.  The  proposed  first  and  second  gen¬ 
eration  European  earth  orbiter  projects 
(HERMES  and  Sanger)  employ  rocket  propul¬ 
sion  systems  and  thus.  Barrier  said,  un¬ 
like  the  situation  in  the  US  there  is 
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little  prospect  of  a  supersonic  combus¬ 
tion  research  revival  in  France.  His 
presentation  was,  therefore,  very  much  in 
the  form  of  an  historical  review,  indi¬ 
cating  in  particular  what  sort  of  fuel 
injection  and  flame  stabilization  tech¬ 
niques  had  been  investigated  at  ONERA  in 
the  1960’s  and  early  1970's.  For  addi¬ 
tional  information  about  French  super¬ 
sonic  combustion  activities  during  this 
period  see  BSN  41-1:15-20  [1987). 

Barrier  pointed  out  that,  in  gen¬ 
eral,  those  injector  designs  which  offer 
the  smallest  loss  are  those  which  present 
the  greatest  problems  in  terms  of  con¬ 
trolling  the  levels  of  wall  heat  transfer 
and  achieving  the  necessary  degree  of 
flame  stabilization.  In  addition  to 
Swithenbank ' s  comb  injector,  he  mentioned 
wall  injection  (see  Figure  3)  ,  wall  in¬ 
jection  with  steps,  strut  injection,  and 
subsonic  pilot-flame  stabilization. 

The  paper  by  Professor  F.E.  Marble 
(California  Institute  of  Technology,  Pas¬ 
adena)  presented  a  new  concept  for  pro¬ 
ducing  enhanced  mixing  of  a  fuel  jet  in  a 
supersonic  airstream.  It  involves  passing 
the  fuel  jet  (gaseous  hydrogen,  for  ex¬ 
ample)  through  an  oblique  shock  set  up 
by,  say,  a  skewed  wedge  placed  along  the 
bottom  wall  of  the  combustion  chamber. 
An  axially  injected  fuel  jet  in  passin.j 
through  the  shock  wave  would  have  induced 
within  it  regions  of  intense  vorticity 
due  to  the  interaction  between  the  den¬ 
sity  difference  between  the  fuel  jet  and 
the  air  stream  and  the  pressure  field  set 
up  by  the  shock  wave  in  accordance  with 
the  (Bjerknes  theorem) .  Experiments  have 
already  been  conducted  to  demonstrate  the 
intense  mixing  which  can  be  produced  from 
this  effect,  and  additional  experiments 
have  been  proposed  (with  AFOSR  support) 
in  which  the  degree  of  molecular  mixing 
will  be  measured  by  means  of  biacetal 
fluorescent  dye.  The  second  phase  of  the 
experiments  will  be  concerned  with  the 
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details  of  combustion  within  the  vortical 
regions  produced  by  the  new  mixing 
scheme.  These  will  be  carried  out  in  an 
unsteady  combustion  facility  in  which  the 
vorticies  will  be  produced  at  the  lip  of 
a  downstream-facing  step  by  acoustic  ex¬ 
citation.  In  addition,  it  is  proposed 
to  continue  the  effort  to  obtain  a  numer¬ 
ical  simulation  of  the  shock-wave/ fuel- 
jet  interaction  phenomena  with  a  flux- 
corrected  transport  (FCT)  code  originally 
developed  at  the  Naval  Research  Labora¬ 
tory  . 

Numerical  Methods 

A  wide  variety  of  methods  for  com¬ 
puting  turbulent  reacting  flows  was  pre¬ 
sented  at  the  meeting.  Unlike  theoretical 
and  experimental  areas  where  the  French 
and  US  efforts  appeared  to  be  of  roughly 
equivalent  level  and  sophistication,  in 
the  computational  area,  particularly  in 
the  use  of  full  Navier-Stokes  calcula¬ 
tions  for  simulating  reacting  flows, 
there  seems  to  be  evidence  of  consider¬ 
ably  more  activity  in  the  US  than  in 
Franco.  Typical  of  the  US  efforts  in  this 
area  were  the  presentations  by  J.J.  Ryley 
(Univ(;rsity  of  Washington,  Seattle)  and 
J.C.  Hill  (Iowa  State  University,  Ames). 

Ryley 's  calculations  concerned  the 
effects  of  heat  release  and  large-scale 
turbulence  structures  in  a  chemically  re¬ 
acting  mixing  layer  using  direct  numeri¬ 
cal  simulation.  Figure  4  is  an  example  of 
the  results  obtained  where  the  vortical 
structures  and  the  mixing  layer  have  been 
visualized  by  computed  iso-vorticity  con¬ 
tours.  Figure  4a  shows  the  topology  of 
the  spanwise  vorticity  component  without 
combustion  and  Figure  4b,  the  same  struc¬ 
ture  with  combustion.  The  effect  of  the 
heat  release  is  clearly  to  increase  the 
scale  of  the  vortex  and  to  regularize  its 
structure.  Accompanying  this  regulariza¬ 
tion  is  a  loss  of  fine-scale  structure 
and  an  increase  in  the  overall  effective 
mixing  length.  This  reduces  the  extent 
of  the  chemical  reaction  (decreases  the 
amount  of  product  formed) ,  and  decreases 
the  rate  of  mixing  layer  growth.  By  ex¬ 
amining  the  magnitude  of  terms  involved 
in  the  Favre-averaged  transport  equation 
for  turbulent  kinetic  energy,  Ryley  con¬ 
cluded  that  the  reductions  in  the  mixing 
layer  growth  and  amount  of  product  formed 
could  be  explained  by  the  effect  which 
combustion  has  on  the  thermal  expansion 
and  baroclinic  torque  terms  and  through 
these  terms  on  the  dynamics  of  the  vor¬ 
ticies  in  the  mixing  layer. 

The  direct  numerical  simulations  by 
J.C.  Hill  served  a  different  purpose, 
namely  to  examine  the  accuracy  of  various 
simple,  single-point  closure  theories  for 
the  modeling  of  irreversible,  second- 
order  chemical  reactions  of  initially  un- 
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(a)  Without  combustion 


(b)  With  combustion 

Figure  4.  Spanwise  vorticity  components 
in  mixing  layer  at  a  Reynolds  number  of 
500. 


mixed  reactants.  For  this  purpose  a  chem¬ 
ical  reaction  was  simulated  in  a  homoge¬ 
neous  turbulent  field  using  a  pseudo- 
spectral  calculation,  and  the  results 
were  compared  with  the  predictions  ob¬ 
tained  from  the  closure  tlieories  for  such 
quantities  as  reactant  concentration  and 
the  evolution  of  average  scalar-fluctua¬ 
tion  dissipation. 

As  previously  mentioned,  the  French 
contributions  to  the  calculation  of  tur¬ 
bulent  reacting  flows  were  of  a  far  less 
computationally  intensive  nature  than 
those  of  the  US.  The  presentations  fea¬ 
tured  the  use  of  flamelet  (coherent 
flame)  models  in  conjunction  with  conven¬ 
tional  flow  field  modeling  techniques, 
the  use  of  cellular  automata  (lattice 
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gas)  simulations,  and  the  application  of 
state-of-the-art  turbulence  and  combus¬ 
tion  models  to  calculate  the  flow  fields 
in  gas  turbine  combustors  and  industrial 
burners.  An  example  was  tlie  work  of  N. 
Darabiha  (Ecole  Centrale  de  Paris),  who 
calculated  the  flow  in  a  V-gutter- 
stabilized  ramjet  combustor  by  means  of 
the  coherent  flamelet  model  and  the  k-c 
turbulence  model.  He  found  that  his  cal¬ 
culation  of  the  spatial  distributions  of 
tuel  consumption  rate  and  temperature 
agreed  in  a  qualitative  way  with  the  ex¬ 
perimental  spatial  distributions  of  Ct 
emission  and  that  the  proper  qualitative 
behavior  of  the  flow  field  in  response  to 
changes  in  the  equivalence  ratio  were 
also  properly  simulated.  Although  no 
quantitative  comparison  with  the  experi¬ 
ments  was  presented,  Darabiha  concluded 
that  a  reasonable  correspondence  between 
the  computed  and  measured  flow  fields  had 
been  produced  and  that  the  foundation  had 
been  laid  upon  which  to  build  further 
studies  of  the  effect  of  various  model 
refinements  and  improvements. 

R.  Borg.hi  (Universite  de  Rouen)  re¬ 
viewed  various  .methods  for  turbulent  re¬ 
action  rate  modeling  beginning  with  the 
venerable  eddy-breakup  model  and  ending 
with  his  recently  developed  interaction 
with  the  mean  (lEM)  model.  He  went  on  to 
describe  his  recent  work  on  simulating 
turbulent  reacting  flows  with  the  lattice 
gas  model.  By  considering  separate  steps 
in  which  the  turbulence  was  simulated  by 
a  random  walk  process,  followed  by  a  par¬ 
ticle  interaction  step,  and  finally  a 
flame  propagation  step,  Borghi  was  able 
to  compute  a  mean  reaction  rate  and  to 
examine  the  influence  of  various  time 
scales  on  the  combustion  process.  In 
particular,  he  was  able  to  determine  a 
functional  relationship  for  the  ratio  of 
the  time  scale  of  the  progress  variable 
to  the  turbulent  time  scale  which  de¬ 
pended  upon  the  ratio  of  the  turbulence 
fluctuations  to  tfie  laminar  flame  speed. 
Obviously,  such  relationships  are  of 
great  value  and  interest;  however,  every¬ 
thing  hinges  on  the  appropriateness  of 
the  lattice  gas  model  for  the  actual  com¬ 
bustion  process.  Much  needs  to  be  done 
to  confirm  the  adequacy  of  such  modeling, 
and  Borghi  is  currently  in  the  process  of 
introducing  a  spatial-velocity  correla¬ 
tion  to  improve  t;;e  turbulence  simulation 
employed  in  r.is  ca  icii ;  a  t  ions  . 

Exa-ciples  of  the  application  of  more 
or  less  conver.t  lona  1  turbulence  and  com- 
bustic,:.  rrode..ing  to  ii.dustri.il  flows  were 
provided  uy  M.  Cessaulty  (SNECMA)  and  M. 
Si.T.oni.n  of  Electricito  de  Fr.ince.  Des- 
saulty's  calculations  involved  the’  pre¬ 


diction  ot  the  ;iaw  field  in  a  dump  com¬ 
bustor,  a  dt.n,.’-type  gas  tyj-bine  combus¬ 
tor,  and  i,'.  .1 ;  t>  rburner  u.sing  the  k-c 


turbulence  model  and  both  finite  volume 
and  finite  element  methods.  The  appli¬ 
cation  of  these  codes  is  the  design  of 
practical  gas  turbine  combustors.  Ex¬ 
tensive  veri  f  ic^ltion  of  these  codes  has 
been  made  with  laser  Doppler  anemometry 
(LDA)  and  coherent  anti-Stokes  Raman 
spectroscopy  (CARS) . 

A  far  more  complicated  situation 
from  a  phenomenologica 1  point  of  view  was 
considered  by  Simonin,  who  reported  on 
his  calculations  involving  the  numerical 
modeling  of  the  devolatilization  of  pul¬ 
verized  coal  injected  inside  a  hot  co- 
fiowing  airstream.  The  calculations  were 
spatially  two-dimensional  and  contained 
separate  conservation  equations  for  both 
the  particulate  (coal  particle)  and  con¬ 
tinuous  (air)  phases  including  interface 
heat  transfer  terms  and  the  effect  of 
turbulence  by  means  of  a  q^-t  turbulence 
model.  In  order  to  investigate  the  in¬ 
fluence  of  particle  size  and  temperature 
of  the  co-flowing  air  stream  on  the 
global  rate  of  devolatilization,  addi¬ 
tional  models  were  needed  for  the  pyroly¬ 
sis  of  the  coal  particles  and  the  combus¬ 
tion  of  volatile  matter.  The  intention 
of  the  calculations  was  to  model  the  flow 
found  in  the  burners  of  large  powerplant 
furnaces.  It  is  not  surprisingly  that 
the  empiricism  contained  in  such  models 
produced  calculations  which  were  at  best 
only  qualitatively  satisfactory.  In  fact, 
no  concerted  attempt  was  miade  to  produce 
truly  predictive  calculations  at  this 
stage.  Instead,  the  emphasis  was  on  pro¬ 
viding  an  understanding  of  the  interrela¬ 
tionships  between  the  various  mechanisms 
involved  in  this  very  complex  combustion 
process,  on  setting  the  stage  for  further 
refinements  in  the  modeling,  and  on 
eventual  validation  with  experimental 
data . 


Conclusions 

Spirited  discussion  followed  the 
presentations  by  virtually  every  speaker, 
and  there  were  numerous  conversations 
taking  place  between  the  French  and  US 
participants  throughout  the  meeting.  Thus 
there  was  evidence  that  the  meeting  pro¬ 
vided  an  effective  stimulant  to  the  col¬ 
laborative  activities  already  existing 
between  the  two  countries.  The  attain¬ 
ment  of  the  objective  of  the  meeting, 
namely  to  encourage  the  submission  of 
collaborative  proposals  tor  joint  French/ 
US  research  in  turbulent  reacting  flows, 
remains,  of  course,  to  be  seen. 
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iating  iroiL  the  early  13th  cen- 

ar.  i  Its  Faculty  of  Engineering, 
1-116,  IS  the  oldest  in  Italy. 

,  Of  students  (15,000  in  engineer- 
! '.t  the  university,  after  the  Uni- 
.  f  Hume,  the  second  largest  uni- 
SL.utr.ern  Italy. 

il  jf  the  faculty  members  with 
t  .  had  close  connections  with 
,  --itr.er  having  received  their 
fr:;-  VS  i r.s 1 1 tutions  or  frequent- 

•  .:,H  tne  US  for  various  lengths  of 
:  tne  purpose  of  carrying  out  col- 

re.search.  projects.  The  inter- 
■-  nr. .  tions  of  the  faculty  were 
.  •  r  •.■ngthened  by  availability  of 
os  through  an  IBM  network 
■  .■■'tutor  centers  in  the  US. 

^'1.  struck  by  the  diversity  of 

■  ICS  problems  being  worked  on 
1  r s  1  ty  .  During  the  course  of 

.  t,  I  discussed  fluid  mechan- 

:  ranging  from  hemofiltration 

.!  predicting  automobile  drag 
r.  ::,-'thods  for  avoiding  fouling  in 

■  heat  exchangers  to  the  con- 
tr  perties  of  various  formula- 

tr.e  Nav  ler-Stokes  equations. 

.  ;  ,  .-E-  'ico  limitations  will  enable 

;  ■  p  r  t  in  depth  on  only  a  few  of 
In  rncfit  cases  I  was  given 
:.  th*'  topics  that  I  discuss  here 
.  n  iV'.'  a  special  interest  in  any- 
:  :.  enti'.u.  please  let  me  know  and 

ju  copies  of  the  relevant 


: 1  f  :..i  1  structure 

;<  .-c-emed  to  be  a  major  upheaval 
;  pi :.  1  2..J t  ion  of  the  Faculty  of 
;  ;  it  Naples.  A  recent  Italian 
to  the  newly-formed  engi- 
•cpa r tmen t s  considerably  more 
:  utonorr.y  than  to  the  older  engi- 
i:  .ttirutes.  Thi.s  means  that  the 
1  lep-irtmont  can,  by  signature, 
f'xpend  1  tures  which,  for  the 
■  n..:  1  t u j  would  require  the  di- 
:r  an  in.stitute  to  journey  6  miles 
r  1 :.  *■  i  >  ■  ana  often  grid-locked 
. traffic.  Som.e  sort  of  reform 
i  ‘r  be  desperately  needed  with 
,r  scientific  equipment  placing 
r  •  r.*:  surch.arge  on  all  equipment 
in  ...■  ier  to  compensate  for  the 


considerable  delays  that  they  were  likely 
to  encounter  in  dealing  with  the  insti¬ 
tutes.  The  streamlined  fiscal  operation 
of  the  newly  formed  departments  has  been 
a  powerful  incentive  for  faculty  to  leave 
the  traditional  institutes.  Several  fac¬ 
ulty  members  with  whom  I  spoke  regarded 
this  change  as  being  very  beneficial. 
Not  only  can  the  newly  formed  engineering 
departments  exercise  more  local  control 
over  their  financial  resources,  but,  more 
importantly,  the  faculty  making  up  the 
new  departments  have  grouped  together 
because  of  common  interests  rather  than 
because  of  the  availability  of  a  chair  in 
one  institute  or  another.  Consequently 
there  is  a  much  greater  opportunity  for 
professional  dialog  in  the  new  depart¬ 
ments  and  the  intellectual  isolation  of 
some  faculty  members  has  been  re¬ 
moved  . 

Due  to  a  recent  change  in  Italian 
law  which  provides  financial  incentives 
to  university  faculty  who  attract  indus¬ 
trial  support  and  also  due  to  a  new  pro¬ 
gram  by  the  Italian  National  Science 
Foundation  (CNR)  to  encourage  industrial 
support  of  university  research,  such  sup¬ 
port  is  beginning  to  increase.  Several 
aggressive  young  faculty  members  with 
whom  I  spoke  had  small  contracts  with 
organizations  such  as  AERITALIA,  Pina- 
farina,  and  the  Italian  Electric  Gen¬ 
erating  Board. 

Institute  of  Gas  Dynamics 

Due  to  the  departure  (to  the  newly 
formed  Department  of  Mechanical  Engineer¬ 
ing  for  Energetics)  of  several  faculty 
members  having  interests  in  e.xperimental 
methods,  much  of  the  fluid  mechanics  ac¬ 
tivities  of  the  Institute  of  Gas  Dynamics 
is  of  a  theoretical  nature.  In  particu¬ 
lar,  analytical  methods  are  being  ex¬ 
plored  to  study  mass  transfer  problems 
associated  with  reactive  and  nonreactive 
ultrafiltration  processes,  slip  flows  in 
ducts,  and  the  behavior  of  unsteady  jets 
at  low  Reynolds  numbers.  Of  somewhat  more 
general  interest  are  numerical  implemen¬ 
tations  of  various  conformal  mapping 
methods  for  simply-  and  multiply-con¬ 
nected  domains  having  application  to  the 
development  of  body-fitted  mesh  genera¬ 
tion  techniques. 

Recently,  Luchini  (Luchini,  1987) 
has  developed  a  numerical  solution  of  the 
vorticity  transport  formulation  of  the 
Navier-Stokes  equations  which  uses  an 
interesting  mesh  refinement  procedure 
consisting  of  a  self-adaptive  method  that 
dynamically  modifies  the  distribution  of 
mesh  points  during  the  calculation.  The 
basis  of  the  procedure  is  a  mesh  manage¬ 
ment  algorithm  which  adds  or  deletes  sin¬ 
gle  points  from  the  mesh  in  such  a  manner 
that  each  point  is  always  the  center  of  a 
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symmetrical  cross  formed  with  four  other 
points . 

Figure  1  shows  the  result  of  using 
Luchini's  method  for  the  problem  of  nat¬ 
ural  convection  in  a  corner  where  the 
flow  is  generated  by  the  buoyant  boundary 
layer  formed  on  a  heated  vertical  flat 
plate  located  along  the  right  hand  side 
of  the  figure.  The  addition-deletion 
process  is  automatically  performed  under 
the  control  of  a  routine  which  determines 
whether  or  not  the  size  of  each  cross  is 
adequate  on  the  basis  of  the  magnitude  of 
the  second  derivatives  of  the  unknowns. 
Comparisons  of  the  calculations  with 
analytical  solutions  and  other  numerical 
results  for  this  problem — as  well  as  cal¬ 
culations  of  free  convection  in  a  closed 
cavity  and  Heimenz-f low--were  carried 
out;  they  show  that  the  method  is  capable 
of  calculating  the  wall  shear  stress  to 
within  approximately  1  percent.  No  ex¬ 
perimental  comparisons  were  shown.  The 
method  has  the  advantages  that  the  reso¬ 
lution  of  the  calculations  is  much  im¬ 
proved  over  that  which  can  be  obtained 
with  uniform  grid  procedures.  In  addi¬ 
tion,  Luchini  claimed  that  the  procedure 
is  easier  to  program  and  faster  than  the 
competing  finite  element  methods,  al¬ 
though  no  quantitative  comparison  was 
provided . 

Interesting  work  on  the  solution  of 
the  Navier-Stokes  equations  is  being  done 
by  Professor  F.  Grasso.  Grasso  obtained 
his  Ph.D.  from  Princeton  University,  New 
Jersey,  and  is  a  frequent  visitor  there, 
collaborating  with  several  members,  in¬ 
cluding  Professor  A.  Jameson,  of  the  fac¬ 
ulty  of  Princeton's  Department  of  Mechan¬ 
ical  and  Aerospace  Engineering.  Grasso's 
main  interests  are  in  the  numerical  mod¬ 
eling  of  two-phase  flows  and  in  the 
transonic  and  hypersonic  computational 
aerodynamics.  The  two-phase  modeling  is 
being  done  in  conjunction  with  Professor 
F.  Bracco  at  Princeton  and  Dr.  V.  Magi  at 
the  University  of  Bari.  Together  they 
have  developed  a  model  for  the  combustion 
process  in  a  diesel  engine  and  more  re¬ 
cently  a  rotary  engine,  which  includes  a 
stochastic  model  of  the  fuel  spray,  a  ge¬ 
neric  model  of  the  combustion  process, 
and  the  solution  of  the  compressible 
Navier-Stokes  equations  employing  a  cou¬ 
pled  treatment  of  the  liquid  and  gas 
phases . 

Grasso's  more  conventional  CFD  ac¬ 
tivities  have  included  the  development, 
in  collaboration  with  Jameson,  of  a  mul¬ 
tigrid  method  for  the  Navier-Stokes  equa¬ 
tions  which  has  been  applied  to  both 
transonic  and  supersonic  and  laminar  and 
turbulent,  two-dimensional  flows  (Mar- 
tinelli,  et  al.,  1986).  He  has  also  been 
involved  in  the  development  of  a  grid  em¬ 
bedding  procedure  which  he  has  applied  to 


Figure  1.  Mesh  refinement  results  for  a 
natural  convection  problem. 


Navier-Stokes  calculations  in  a  double¬ 
throat  nozzle.  Rather  than  divide  quad¬ 
rilateral  cells  into  smaller  trianglar 
ones  like  Luchini,  Grasso  divides  his 
quadrilaterals  into  smaller  quadrilater¬ 
als  and  uses  an  interesting  implementa¬ 
tion  of  multigrid  strategy  to  couple  the 
solutions  in  the  original  and  the  em¬ 
bedded  zones.  In  zones  where  the  em¬ 
bedding  criterion  (based  on  the  cumula¬ 
tive  distribution  function  of  pressure 
gradient)  is  exceeded,  finer  cells  are 
generated  by  halving  the  mesh  in  both 
coordinate  directions.  Time-stepping  is 
performed  separately  on  the  solution  vec¬ 
tor  on  each  grid  so  that  different  algo¬ 
rithms  can  be  used  in  different  regions 
depending  on  the  accuracy  required.  A 
conservative  technique  is  used  to  couple 
the  grids  at  the  interfaces.  The  results 
showed  some  oscillations  on  the  fine  grid 
due  to  the  interface  treatment,  and,  as 
the  Reynolds  number  was  increased  (to 
6400),  the  oscillations  became  more  evi¬ 
dent.  Grasso  is  carrying  out  supersonic 
turbulent  boundary  layer  calculations  in 
support  of  the  European  HERMES  project 
and  is  currently  involved  in  replacing 
the  Baldwin  Lomax  algebraic  turbulence 
model  with  the  k-e  model. 

Professors  C.  Meola  and  G.  Carlo- 
magno  have  recently  left  the  Institute 
for  Gas  Dynamics  and  joined  the  Depart¬ 
ment  of  Mechanical  Engineering  for  Ener¬ 
getics.  Professor  Meola's  interest  is 
in  the  mathematical  properties  of  the 
Navier-Stokes  equations,  particularly 
their  convergence  properties  and  optimal 
methods  for  their  solution.  In  this  lat¬ 
ter  connection  he  has  developed  a  inter¬ 
esting  vector  potential /vorticity  solu¬ 
tion  for  the  problem  nf  the  flow  produced 
by  a  rotating  submerged  disk  located  at 
one  end  of  an  open  tank.  Tlie  calculations 
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have  somewhat  limited  resolution  since 
they  were  done  on  an  HP  1000  minicompu¬ 
ter.  Although  these  calculations  are 
lamir.ar  (a:id  at  the  moment  somewhat  pro¬ 
visional)  they  may  eventually  be  of  some 
value  in  understanding  the  surface  waves 
rroduoed  by  propellers.  I  plan  to  stay  in 
contact  with  this  work,  and  Meola  prom¬ 
ised  to  send  me  his  paper  once  this  work 
1  .s  publis.hea. 

Professor  Carlomagno's  interests, 
unlike  those  of  other  faculty  members  I 
met,  are  largely  experimental.  His  work 
.si.'iws  an.  amazing  amount  of  diversity.  He 
.-.as  developed  a  schlieren  interferometer 
system  for  mass  diffusion  measurements  in 
t  wo-d  imen.s  Iona  1  nets,  methods  for  deter- 
■mining  local  convective  heat  transfer  co- 
e  r  i  i^.'ien.t  ,s  by  means  of  infrared  thermo- 
rr.ip;.'/,  and,  in  collaboration  with  the 
■NAS.i  l-.i.-.g.ey  P.esearch  Center,  a  method 
:  pe:  :c  nmin.g  low-density,  aerothermo- 

;yr..irric  s’-adies  by  a  tethered  satellite 
oy  s  tern. . 

r  nr  .".is  mass  diffusion  studies, 
Ca i  1 -.'."a  .jnc  used  a  Wollaston  prism  inter- 
fero.meter  wn.ich,  although  having  the  ad- 
v.'.r.t  a  .7e3  .1 :  being  relatively  cheap,  in- 

se;'. s  1 1 1 '.’e  to  vibration,  and  easy  to  set 
ui  ,  h.is  th>i'  disadvantage  that  it  requires 
.c.  1  n;tegra‘.  '  n.  process  in  order  to  deter- 
m.in.t/  the  values  of  the  density.  To  avoid 
t.'u-  t>-d.um,  carrying  out  this  process, 
..'a  r  lo.T.agnn  has  developed  an  optoe  lectron- 
1  ■  se.nsi.-.g  ;ie-.-ice  using  a  linear  array  of 
l.i-)  bjr-.-,haped ,  silicon  photodiodes  and 
.1  computer-c,  ntrolied  stepping  motor  to 
„i."ilyz.  thm  i.m.aqfcs.  (Carlomagno  and 
P  -1  p  1  1  .  O  ,  ’.  '  n  6  .  ) 

His  ;  ";tvre;its  in  deterinining  local 
hf.'it  t;a.'.s:-.'r  cot- r  f  ic  i  er.  t  s  are  related  to 
t’-.e  •iEK.VEP  Pro;;o:'t.  He  hopes  to  use  the 
:  e.-h:,  ique  in  conjunction  with 
ir.fr.ir'.'d  :  (IP)  radiometry  for 

:  jk;.-..-;  .i  )  .-.eat  transfer  measurements 

■  a  fl.if  pl-ite  under  an  impinging  jet  to 
1  .mu  i  .1 1  f  local  heating  conditions  on 

‘h'.t  r-.lr.Xf.P  '  akim.  (Carlom.agno  and  de 
.  -a  ,  1  icil  .  I 

Pi:.,.i.lv,  the  Tethered  Satellite  Sys- 
t-c  (Ti'S)  w.-.i  -1.  :.(■  and  NASA  Langley  are 

prop  iir,.:  is  i  .-.trended  to  collect  drag, 
heat  ilux,  ski:,  temperature,  and  atmos- 
r.-.eri  :  c  im.p^  .sition  noaa surement s  by  towing 
1  1.6-rr.‘'t-  t  bal  l  on  a  100-km  cable  be¬ 

neath  the  .eiuttle.  In  this  way  it  is 
prepese-'j  ^  .  US-'  the  atmosphere  as  a  wind 
tu.'.uel  to  ;  .;i-'-t  information  on  gas  sur- 
f  eC'.  :  r;  t  e  r  .j  ■  t  1  o::  s  at  a  wide  variety  of 
iu.ser.  a:. -1  i'eyr.olds  nu.mbers  (Carlomagno 
e  t  a  1  .  ,  ;  H  t  )  . 

lmst..t'ite  or  Aerodynamics 

Vrilik*  t::e  Institute  of  Gas  Dy¬ 
namics,  the  Ir.stitute  of  Aerodynamics, 
.'.■*a.'Jed  by  erofeosscr  Napolitano,  appears 
to  be  t  lou:  1  ibr.ir.q  .  At  the  present  time 


Napolitano  and  many  members  of  his  staff 
are  involved  in  the  planning  of  the  new 
Italian  Center  for  Aerospace  Research 
called  CIKA  (Centro  Italiano  di  Ricerche 
Aerospaziali )  ,  of  which  Napolitano  is  the 
Scientific  Committee  Chairman. 

This  center,  for  which  planning  was 
begun  in  1984  ,  will  be  funded  by  a  com¬ 
bination  of  money  from  Italian  aerospace 
industries  and  federal  money  from  funds 
earmarked  for  the  industrial  development 
of  southern  Italy.  The  center  will  be  a 
major  undertaking,  involving  the  con¬ 
struction  of  a  new  large-scale  wind 
tunnel,  the  development  of  a  supercom¬ 
puter  center  for  aerodynamic  simulations, 
and  an  information  center  with  nodes 
to  major  aerospace  data  bases  and  docu¬ 
ment  acquisition  and  retrieval  facil¬ 
ities  . 

A  large  low-speed  wind  tunnel  will 
be  the  Center's  principal  experimental 
facility.  The  current  design  is  for 
a  4.5)<3.5-m2  test  section,  pressurized 
(4  to  6  bar)  ,  with  speeds  from  80  to 
140  m/s,  and  a  maximum  Reynolds  number 
per  metre  of  7.3x10^.  This  will  give  it 
characteristics  similar  to  the  FI  wind 
tunnel  of  the  Office  National  d'Etudes  et 
de  Recherches  Aerospatiales  (ONERA)  at 
its  Le  Fauga-Mauzac  Center.  In  addition, 
a  Ixl-m^  cryogenic  wind  tunnel  is  planned 
which  will  complement  the  new  European 
transonic  wind  tunnel  (ETW)  .  The  head¬ 
quarters  will  be  located  at  Kapua,  which 
is  approximately  10  miles  north  of 
Naples.  Projected  number  of  employees  at 
the  center  is  600.  The  Italian  aerospace 
industry  has  already  pledged  $250  million 
of  combined  federal  and  industrial  fund¬ 
ing.  The  plan  is  to  commission  the  low- 
speed  wind  tunnel  in  1992. 

Many  of  Napolitano 's  former  faculty 
are  now  involved  in  the  planning  of 
CIRA's  computer  center,  which  will  be 
used  for  aerodynamic  simulations  and  also 
to  perform  expert  system  (ES)  analysis  of 
the  results.  Napolitano  envisages  that  ES 
analysis  will  provide  a  critical  evalua¬ 
tion  of  the  simulations  by  comparing  them 
vith  experimental  data.  He  made  the  point 
that  the  real  bottleneck  these  days  in 
assessing  the  validity  of  either  experi¬ 
ment  or  simulation  is  that  a  human  being 
must  sit  down  with  the  experimental  data 
on  one  hand  and  the  calculations  on  the 
other  and  try  to  make  a  critical  evalua¬ 
tion  of  their  respective  shortcoming.-., 
and  it  is  here  that  he  expects  ES  to  pisy 
an  important  role.  To  prepare  foi  I  !ie 
eventual  implementation  of  ,suc)i  a  .system, 
expertise  is  being  developfd  at  CIRA  in 
the  areas  of  grid  generation,  parallel 
and  vector  processit.q  language's,  and-- 
most  important  ly--expert  systf'ms. 

The  faculty  men.bers  w(io  h.ave  re¬ 
mained  with  Napolitano  at  t!ie  Institute 
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on  n!icrogr<uV'ity 
rc.  i‘t  these  activities 
:o,o\r.  i;;ed  a  Micrograv- 
Kest.'arch,  and  Sup- 
iiiis  $5 -mi  11  ion  fa- 
ci-r.e  :  i  1 1  ing  trom  the 
ii-dustiial  development 
■  pine:  to  finance  CIRA, 
t'.;  exaniining  fluid 
;  ,  ;:.i -Togravi  ty ,  in- 


Mctograv'ity  work, 
activities  of  his 
-'IRA,  is  a  reflec- 
:earch  philosophy. 

scientist  and  as 
is  that  the  only 
.’e  is  to  be  at  the 
cientific  develop- 
n  not,  this  means 
'  ciiange  the  prob- 

a.nqe.  0‘'herwise, 
voursell  and  your 
an  intellectual 


or’  riuid  mechanics 
taker  at  the  Uni- 
..ud :  nq  both  the 
c  t  .  I'.c  wt  rk.  Although 
r ' '  p  :•  1  iV;a  t  1 1  y  t  neo r e  t - 
■  ■  i  :..i  i  in  nature  ,  in- 
ii '  c ;  t  a  t  i  o  n  development 

;  ■:  ■  :  r  tr.*'  new  Depart- 

•.  r.f'or  i  ng  for  Ener- 

;ii,ks  With  the  new  Ital- 
i  V'.;,  I,-.*  Research  (CIRA) 
:■  a  strong  incentive 
:■  1  opment  of  aero- 

1  ■  •'  It  the  univor- 


it.  Kiuxes  Evaluation 
i  Thermoqrapdiy  ,  ” 


ity  Trieste, 


M.  : ‘.'.■Tiens  III,  and 

:■  tt.eiec  iiitel- 
■a  :  ■  ',  e  j  ty  Ae  1  ?  a  r:e  r  - 


'  A  W'j  ;  i  .liit'-'n  I'r  s.T; 
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FLUID  MECHANICS  AND  COMBUSTION  RESEARCH 
AT  THE  POLYTECHNIC  UNIVERSITY  OF  MADRID 
AND  THE  UNIVERSITY  OF  ZARAGOZA 


tr-u  enot^w  t. 


Polytechnic  University  of  Madrid 

The  Polytechnic  University  of  Madrid 
is  located  in  Ciudad  Universitaria ,  ap¬ 
proximately  3  miles  northwest  of  the  city 
center  in  a  beautiful  parklike  setting. 
If  offers  programs  in  the  traditional 
engineering  areas  along  with  computer 
science,  architecture,  and  forestry.  The 
current  enrollment  is  35,000. 

My  visit  was  to  the  School  of  Aero¬ 
nautical  Engineering,  in  particular,  to 
the  Department  of  Fluid  Mechanics,  which 
is  headed  by  Professor  Amable  Linan,  my 
host  during  my  visit.  The  school  has  an 
enrollment  of  1500  and  in  addition  to 
fluid  mechanics  consists  of  departments 
of  laser  physics,  propulsion,  and  hydro¬ 
dynamics,  to  name  a  few.  It  was  founded 
in  the  1950's  and  is  the  only  school  of 
aeronautical  engineering  in  Spain. 

The  Department  of  Fluid  Mechanics 
consists  of  six  professors  and  a  similar 
number  of  graduate  students  pursuing  re¬ 
search  in  the  areas  of  laminar/turbulent 
transition,  combustion,  hydrodynamic  sta¬ 
bility,  biological  fluid  mechanics,  dig¬ 
ital  image  processing,  and  computer 
graphics.  Each  year  the  department  grad¬ 
uates  approximately  120  students  from  its 
nominally  6-year  program. 

The  Department  of  Fluid  Mechanics 
has  excellent  connections  with  the  Cali¬ 
fornia  Institute  of  Technology  (Cal  Tech) 
as  a  result  of  Theodore  von  Karman ' s 
visits  to  Spain  in  the  late  1940's  and 
von  Karman 's  subsequent  research  collab¬ 
orations  in  the  field  of  combustion  with 
various  faculty  members  in  the  Polytech¬ 
nic  University's  School  of  Aeronautics. 
For  more  than  30  years  there  has  been  a 
coiistaiit  stream  of  students  leaving  Ma¬ 
drid  to  obtain  tlieir  Ph.D.'s  in  the  US, 
■not  only  at  Cal  Tech,  but  at  the  Carnegie 
■Mellon  University,  the  University  of 
Southern  California,  the  University  of 
■'a  L 1  form  a  at  Berkeley,  the  Massachusetts 
I:i:-;ti  tutc  of  Technology,  Yale  University, 
Uni  stunfoed  University.  Many  former  stu- 
n t  l.ave  rtcmaired  in  the  US  to  become 
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.1;  t.’.L  ir.L  irid t  i  tut  ions  . 

V  iduu  1  s  and  through 
'•atL'i’  rro^ucts  involvina 
.  :  ;-:;tiiiL'  stall,  the 
..  :  .i;;ios  has  fxrr-I- 

•  -  a  liuid  mechanics 


.  •  a.'pa r tmer'itd  1  re- 
the  Spanish  Na- 
a  :at  1  (CICYT)  and  the 

'  :  lur  Scientitic 

'1-  ration.  The  latter 
:  a.  VS  Spanish  collabora- 
:ta  ::aa:..ay  provided  by  the 
:  a  Cl  the  presence  of  US 
.  :  S:  a  in.  There  is  also  a 
.  :  industrial  funding 

:  a  :  to  ut  ,  principally 
an  ,;  Aeronautica,  S.A., 

.  ,  ■  aero  ,apa  ,ie  ciroup  which 
.'.•a;  in  the  European 
a  VidUe:  Aircraft  (EFA), 

■  a  .  .a.  .a  m  Italy,  i  n  - 

•  ■■  i  university  research 

'.inly  ne'W,  und  although 
: strong  interest  on 
,  i.  st'r,  for  exa.Tiple,  the 
:tanao:.i..'  wing  codes,  CASA 
a.:  .1  dependable  source  of 

:•  .  The  department's  re- 
and,  in  particular, 

:  ;  ■  Center  in  .Madrid,  is 
•a- ‘  ab  1 1  shed  .  IBM  current- 
:.t..’Ct<nt  of  one  faculty 
Professor  J.  Jimenez, 
are  in  digital  image 
puier  graphics,  and  par- 
.  The  computational  and 
implications  of  Profes- 
-irk  to  IBM's  product  line 
ich.  clearly  accounts  for 
tnis  arrangement  and  ac- 
f  -r  IB.M's  donation  of  a 
:,ace  processing  equipment 


hinan 's  interests  are  in 
■t.ustior. ,  to  which  he  has 
.ii't  tricoretical  contribu- 
witn  his  work  in  the 
ccn.bu.stion  and  mixing 
■  Air  Force  Office  of 

more  than  20  years 
. ;  a  VS  collaborators  are 
id  .  .  lar..-:  of  Princeton  Urii- 
r  P.A.  Libby  of  the  Uni- 
r: ; a ,  San  Diego,  and,  in 
P  .  Clavin  of  the  Uni- 
■■■  ■  I  ,Ma  r  sei  1  le  ,  France), 
•  -r.r-  University  of  Poi- 

1;  :  ;•  roi-issor  N.  peters 

'  :  i  .  1  sci.en  Techni  schen 
:i  -  n  1:  r.-Ti  (West  Germany)  . 

research  includes 
..■■p.irLeg  ri'.iction  rtiod- 
.  :  :  .pent  i  e;-  .such  as 

■  ,  and  •  ■>:  t  1  :ic  t  ion  ;  oii- 
;  n  t  and  1  r.n  o  ;  the 


structure  of  tlie  cfurbu.st  ion  vi  ; 
at  the  boundary  of  ciilfu.sioii  :  :.i 
describing  the  process  oi  dl.un 
tion  in  laminar  niixinci  laveis.  i 
lieves  tliat  what  is  nia  deu  11;  tl  1 
connection,  particularly  as  ri-a 
problem,  of  lia.mo  blow-off,  i, 
deck  approacli  in  whicii  ioiU.’-.dai 
m.odeling  of  t)ie  outer  t  ue  1  ;!  d 

streams  is  co.mbined  with  a  1  ..-a 
tic  Navier-Stokes  ca  1  .'cu  di  t  1  .  c. 
burner  tip. 

Professor  Jinienez's  inter..-; 
the  area  of  computational  riuic 
and  digital  image  process  1  n.: .  !!i 
his  Ph.D.  from.  Cal  Tech  in  1 V  3 
turned  for  a  sabbatical  year 
1981-82,  during  which,  lir-  becmr 
esting  study  on  the  invi.sc:.: 
of  the  planar  Kirmnn  ’.■ort'-x  ' 

collaboration  with  Prof<'.s!.,!:,ir  T . 
In  Jimenez  (1987a)  h.a  .sirowd 
isolated  stability  cha r ac t  1  , 

the  Karman  vortex  street  1;,  an  ; 
property  of  anv  two-dimen.s  lo.'.a  :  1 

viscid  array  of  vo-ticos  th.;',.  h 
to-lore  symmetry  ai.d  is  net  .0: 
of  the  point  vortex  mid--. 
Karman's  original  stability  ■■...cv 

Jimenez  has  also  mad;'  m  i 
contribution  to  the  study  of  t;,:; 

( larainar/turbulent )  Poiseuill;.-  ; 
his  recent  calculatio.ns  c.  : 
(Jimenez,  1988b).  Aithough  t.’if 
phenomenon  has  been  known  to  >, 
many  years,  Jimenez  stated  tt..:; 
the  first  time  it  was  ob.serveJ  i 
putation.  Jimenez's  calcul.ati; 
use  of  a  spectral  code  in  whic;. 
fects  of  nonlinear  wave  irrc.paaa 
included.  He  showed  that  Pois>  ;.:i 
undergoes  a  2-D  bifurcation  ; 
"upper"  branch  of  the  li.iri:.'  ; 
traveling  shear  wave  trail.,  in*;, 
cycle  that  later  nay  uniuiu. 
evolution  into  more  disorae!--: 
The  nature  of  this  cyclo  is  ..  a  1 
ity  of  the  vorticity  "sff’.s" 
boundary  layer,  fol  lowed  by  ,.r.  "■ 
of  vorticity  into  '■.he  o;-'rc  fU  w. 
continued  his  work  in  tin...  si-.': 
ford  University  this  past  l  us'i  •  ; 
nection  with  th<-‘  NAVA-.Aini  wet 
the  numerical  simiuiati'i.  :  * 


flows . 

J imenez ' s  i nt 
ing  began  with  hi; 


araduatt  r tuden  t 
cent  ly  hf;  h.i..  ti-'V 
processing  teclini 
1989)  whic!',  h.' 
t!ire;.--d  inien.s  •, ,  .na  i 
1 ng  layer  fren  l.c 
( I.I  F  )  mot  1  or.  f  1  .  • 
1980's  .;t  'V  i  ;  T.-e! 
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Figure  1.  Schematic  of  a  three-dimen¬ 
sional  construction  of  a  turbulent  mixing 
layer . 


taken  at  a  fixed  downstream  location  as 
the  structures  evolve  in  time,  Jimenez 
constructed  a  3-D  representation  of  the 
mixing  layer  by  converting  the  third  di¬ 
mension,  time,  into  space  by  using  a 
fixed  convection  velocity  equal  to  the 
average  between  the  two  free-stream 
speeds.  Figure  1  is  a  schematic  repre¬ 
sentation  of  the  construction  process. 
This  work  was  partially  funded  by  the 
Office  of  Naval  Research. 

Jimenez  has  also  recently  completed 
the  calculation  of  Stokes  flow  in  a  ther¬ 
mally  driven  cavity  (simulating  the  geo¬ 
thermal  flow  of  magma  beneath  the  earth's 
mantle)  and  the  development  of  numerical 
methods  for  the  modeling  of  sprays.  This 
latter  work  is  being  done  in  collabora¬ 
tion  with  the  University  of  Southern  Cal¬ 
ifornia  with  funding  supplied  by  the  US- 
Spain  Committee  for  Scientific  and  Tech¬ 
nological  Cooperation.  Although  his  mod¬ 
eling  of  this  problem  has  been  more  or 
less  conventional  up  to  this  point,  he 
hopes  to  develop  a  two-phase  lattice  gas 
simulation  for  this  problem. 

In  connection  with  his  CFD-related 
activities,  Jimenez's  relationship  with 
IBM  has  proven  to  be  particularly  valu¬ 
able  since  it  has  given  him  access  to  the 
company's  extensive  networking  services 
and  thus  provided  him  not  only  with  in¬ 
stantaneous  online  contact  with  his  col¬ 
laborators  in  the  US,  but  also  virtually 
unlimited  access  to  the  IBM  3090  at  the 
Spanish  Atomic  Energy  Commission. 

University  of  Zaragoza 

Fluid  mechanics  activities  at  the 
University  of  Zaragoza  are  found  in  the 
Department  of  Fluid  Mechanics,  which  is  a 
part  of  the  School  of  Industrial  Engi¬ 
neering.  My  host  during  my  visit  was 
Professor  Cesar  Dopazo,  who  is  the  head 
of  the  department.  Professor  Dopazo  has 
a  strong  interest  in  turbulent  combustion 
and  is  internationally  recognized  for  his 
work  on  Monte  Carlo  simulations  of  tur¬ 
bulent  reacting  flows. 


Although  the  University  of  Zaragoza 
is  the  sixth  largest  University  in  Spain, 
the  School  of  Industrial  Engineering  (em¬ 
bracing  the  disciplines  of  mechanical  and 
electrical  engineering)  is  the  third 
largest  (after  Madrid  and  Barcelona).  Al¬ 
though  Dopazo 's  department  is  small  (two 
professors  and  three  research  associ¬ 
ates)  ,  it  is  well  funded,  well  equipped, 
and  housed  in  spacious  new  quarters  ap- 
proxim.ately  5  kilometers  from  the  down¬ 
town  campus.  Dopazo' s  new  combustion 
laboratory  is  equipped  with  a  Dantec  two- 
component  laser  Doppler  anemometry  (LDA) 
system  including  a  computer-controlled 
three-dimensional  traversing  mechanism,  a 
PDP  11/23  data  acquisition  system,  and  a 
Malvern  (diffraction  sensitive)  particle 
sizing  instrument.  To  support  its  com¬ 
puting  activities,  the  department  has 
access  to  the  university's  VAX  11/780  and 
IBM  340  and  soon  will  have  access  to  a 
Cray  IS  recently  purchased  from  Office 
National  d' Etudes  et  de  Recherches  Aero- 
spatiales  (ONERA)  by  the  Spanish  Ministry 
of  Science  and  Education  and  CASA. 

Dopazo 's  problem  is  not  money,  it  is 
people.  He  has  been  unable  to  obtain 
governmental  approval  to  increase  the 
size  of  his  department.  In  fact,  he  said, 
with  twice  the  number  of  people,  he  still 
could  not  do  all  of  the  work  which  he 
would  be  able  to  obtain  funding  for.  His 
biggest  need  at  the  moment  is  to  find 
someone  to  direct  the  construction  of  his 
new  combustion  laboratory.  He  is  eager  to 
find  a  well-trained  specialist  or  post¬ 
doctoral  student  from  the  US  to  complete 
and  commission  this  new  facility. 

Although  the  attitude  of  the  Spanish 
government  toward  university  research  has 
changed  from  that  of  benign  neglect  to 
active  support  through  CICYT,  far  more 
money  can  be  obtained  from  industrial 
contracts  Dopazo  said.  The  majority  of 
the  department's  work  is  now  involved  in 
such  a  contract  with  a  Spanish  electric- 
power  utility.  The  research  involves 
carrying  out  experiments  on  and  devel¬ 
oping  computational  codes  for  heavy-oil- 
fueled  industrial  burners.  For  this  pro¬ 
ject,  Dopazo  intends  to  use  hie  LDV 
equipment  in  conjunction  with  the  Malvern 
instrument  to  obtain  simultaneous  veloc¬ 
ity  and  particle  size  measuren.ents  in 
high-pressure  (60  bar)  sprays.  For  this 
purpose  he  has  made  a  1/3-scale  prototype 
burner  on  which  he  has  already  made  pre¬ 
liminary  measurements.  A  novel  feature  of 
these  experiments  is  the  use  of  a  radial 
deconvolution  technique  applied  to  meas¬ 
urements  made  at  nine  different  points  in 
the  spray  to  obtain  the  radial  distribu¬ 
tion  of  droplet  size. 

The  computational  aspects  of  this 
project  involving  models  for  drop  forma¬ 
tion,  vaporization,  combustion,  and  t)ie 
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or  swirl  are  being  carried  out  in 
■ar  program  in  collaboration  with 
i^or  B.  Spalding  and  Professor  W.P. 
at  Imperial  College  (UK).  This  work 
f  carried  out  by  a  Spanish  Ph.D. 
a  who  is  now  at  Imperial  College, 
lii  this  student  will  be  using 
aa's  two-fluid  model,  Dopazo  has 
ideas  about  the  proper  modeling 
avs  .  He  has  developed  what  he  be- 
to  be  the  most  rigorously  defen- 
governing  equations  obtained  to 
Lisinq  what  he  calls  an  "indicator" 
ih  for  the  continuous  phase  and  a 
inn-like  approach  for  the  dispersed 
To  include  the  effects  of  turbu- 
he  uses  the  k-e  model  for  the  con- 
i  phase  and  has  found  a  way  of  re- 
tl.e  kinetic  energy  of  the  dis- 
phase  to  the  kinetic  energy  of  the 
jous  phase.  In  this  way,  only  3  or 
s  in  addition  to  those  required  to 
vi  continuous  phase  flow  are  re- 
.  A1 ready  the  technique  has  been 
■;  to  the  flow  in  an  axisymmetric 
which  it  was  found  that  the  mean 
:y,  turbulence  stresses,  turbulence 
■  energy,  and  to  a  lesser  extent 
n.ter-line  velocity  could  be  accu- 
predicted.  For  modeling  combus- 
•  fleets  Dopazo  proposes  to  use  a 
iLity  density  function  (pdf)  ap- 
ir-  conjunction  with  a  Monte  Carlo 


■cause  of  the  lack  of  an  estab- 
tradition  of  fluid  mechanics  re¬ 
in  Spain,  there  exist  only  a  few 
'  such  as  those  in  Madrid  and 
II  which  have  well-developed  re¬ 
programs.  To  some  extent  this  has 
"■'stered  by  the  attitude  of  the  na- 
qovernment  which,  as  reported  to 

-  long  regarded  research  as  an  un- 
?  adjunct  to  teaching.  There  are 
that  this  is  changing  with  the  es- 
ini'Tit  of  a  national  agency  for 
j  ini  versify  research  (CICYT)  which 
r-viidy  introduced  special-focus  pro- 
* '■  encourage  research  in  fields  of 

-  t-;’chnological  importance  such  as 
-'  iuctor  physics.  Such  a  program  in 

i  ot  fluid  mechanics  has  recently 
reposed,  and  a  cataloging  of  cur- 
Luid  mechanics  research  activities 
■■  ounces  is  just  now  nearing  com- 

the  prospects  of  increased 
.  I  oupport  and  with  the  increased 
of  Spanish  industry  in  uni- 
sea rch ,  it  is  likely  that 
f-'w  years  will  see  a  sharp  in- 
iu  the  number  of  Spanish  uni- 
oping  high-quality  re- 
.  r  ograms  in  the  field  of  fluid 
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Ocean  Sciences 


COST-43:  SEMINAR  ON  OPERATIONAL  OCEAN 

STATION  NETWORKS 

by  uevome  Williarns.  Pvofet'.i'oy  Wlliiarc 
is  the  Liaison  Scientist  for-  ■  ceanegr-aphy 
in  Europe  and  the  Middle  F-:i:t  for-  the 
Office  of  Naval  Eesearch's  ic'idon  branch 
Office.  lie  is  on  leave  until  Le  cecrler 
1987  fron  the  US  Naval  Acaderr.y,  vh-n-e  he 
is  Associate  Chairman  of  the  Oce.an.ography 
Departmen t . 


Created  in  1970  from  Working  Group 
43  of  the  European  Cooperation  in  the 
Field  of  Scientific  and  Technical  Re¬ 
search  organization,  COST-43  has  been 
coordinating  and  encouraging  the  deploy¬ 
ment  and  use  of  both  national  and  multi¬ 
national  data  buoys  for  17  years.  These 
include  both  drifting  and  moored  buoys. 
The  fifth  COST-43  technical  seminar  was 
held  in  June  1987  at  Brest,  France,  where 
the  host  organization,  Institut  Francais 
de  Recherche  pour  1 ' Exploitation  de  la 
Mer  (IFREMER),  has  its  largest  laboratory 
facility  (see  page  61).  The  papers  pre¬ 
sented  at  this  meeting  have  been  issued 
in  a  seminar  proceedings  and  are  avail¬ 
able  from  the  COST-43  Teclinical  Secre¬ 
tariat,  Christian  Michelsen  Institute, 
Fantoftvegen  38,  N-5036  Fantof  t-Borqeii , 

Norway . 

COST-43  Programs 

A  very  appropriate  ripen  inu:  t  n  the 
conference  was  offered  by  D.N.  Axieiri,  UK 
Meteorological  Office,  who  desci  ilu  d  the 
development  and  activitie.s  of  COS'r-4  3 
from  the  early  days  to  the  present  .  "uJ- 
lowing  its  formation  in  19  70,  'ai-irus 
study  committees  were  o  ign  n  i  si ,  iiuf  .it 
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■-  ~  wiu  r:  tiio  Mai  tii.ais  Re- 

ar.ythii^q  signilicjnt 
.  Was  the  rfsult  or  much 
it_-J  b;.  a  creat  deal  or  i:i- 
was  to  point  the  way  ror 
the  text  decade.  The  report 
y  requ  i  remer.ts  and  technol- 
desiqn.  standards  (including 
.  t  r an s.Ti ss ion )  ,  and  pleaded 
:;e  oi  European  et  torts  and 
'lli.'winq  the  recommendations 
t  i.s  Report,  the-  European 
■c:  statioi-is  (ENOS)  was  es- 
jecember  1977.  This  estab- 
workii'.g  group  on  sys- 

•  't  up  pilot  networks  in  se- 
t-as,  including:  the  Azores, 
',  The  Eaeroes,  the  North- 
ito.n ,  and  the  Mediterranean. 

■83,  Belgium,  France,  the 
Spain,  De.nm.ark,  Iceland, 
Finland,  Ireland,  Portu- 
t'r  w,  r<_  ail  m.t'mbers  in  good 
Si-4<,  with  Italy  and  West 
. _n.  j.r  observers.  Although 
nu'Juifcc  tc  cease  operations 
.'■  :-,‘raI  ioeling  of  the  par- 
t  h  1 .~  mee  ting  was  that  the 
.  d  continue,  with  the  major 
,nj  a  shift  in  emphasis  from 
inter  laboratory  coopera- 

:c  Operational  (drifting) 
“tlar. tic  (SOBA)  was  created 
rran.o'e,  Iceland,  Ireland, 
i.=  ,  .'.’orway,  ana  the  UK  as 
ipants.  This  was  followed 
;  South  Atlantic  Coopera- 
■  Oriftlriq  Ocean  Stations 
ir,‘i  "f  infiuts  from  France, 
;>'t';.eri;inds ,  Portugal,  Spain 
Ac  u  if-.'.ult  of  this  series 
'-fferts,  over  60  Ocean 

•  1  r.  Systems  (C)D7\S)  and 
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A  total  of  eight  automatic  marine 
weather  stations  used  liy  Finland  mostly 
at  island  locations  in  the  Baltic,  Gulf 
of  Bothnia,  and  Gulf  of  Finland  were  ne.xt 
described  by  H.  Gronvall,  Finnish  Insti¬ 
tute  of  Marine  Research,  Helsinki.  Wind 
speed  and  direction;  atmospheric  pres¬ 
sure,  temperature,  and  humidity;  and  sea- 
surface  temperature  and  conductivity  were 
measured  at  these  stations.  The  stations 
have  a  good  reliability  record,  with  an 
average  "up"  time  of  85  percent.  Inter¬ 
estingly  enough,  comparison  of  wind  data 
taken  at  these  over-water  locations  show 
wind  speeds  twice  as  great  as  those  meas¬ 
ured  over  land. 

The  technical  and  operational  expe¬ 
riences  of  the  SOBA  program  were  reviewed 
by  T.  Kvinge,  Christian  Michelsen  Insti¬ 
tute,  Bergen,  Norway,  who  was  personally 
involved  with  evaluating  various  specific 
drifting  buoy  types  over  a  period  of  3 
years.  Instrumentation  varied  from  buoy 
to  buoy  with  a  minimum  of  air  pressure 
and  SST  being  measured.  Since  the  ARGOS 
system  determines  buoy  location  during 
telemetry,  allowing  for  a  calculation  of 
surface  drift,  the  data  were  collected 
using  this  system.  A  total  of  17  buoys 
have  been  deployed  in  this  program,  13  of 
which  have  completed  their  active  lives. 
Of  the  13  that  are  no  longer  in  service, 
lifetimes  varied  from  0  to  420  days, 
with  an  average  life  span  of  172  days. 
Six  of  the  buoys  lasted  longer  than  200 
days,  while  three  lasted  less  than 
10  days. 

Along  a  similar  vein,  the  SCOS  pro¬ 
gram  was  discussed  by  P.  Blouch  (CMM)  . 
Between  November  1986  and  March  1987  two 
buoys  were  deployed.  Unfortunately,  both 
died  prematurely  with  the  first  lasting  3 
mionths  and  the  second  only  1  month,  but 
the  SCOS  group  plans  to  deploy  others  in 
this  series  in  the  near  future.  Those 
buoys  have  the  potential  for  producing 
some  rather  unique  and  valuable  data, 
since  they  include  a  thermistor  chain 
allowing  temperature  profiles  to  be  ob¬ 
tained  to  depths  of  100  meters. 

In  addition  to  lifespan  problems, 
there  are  also  problems  with  some  of  the 
buoy  sensors  used.  Tests  made  on  sensor 
performance  before  deployment  of  SOBA 
buoys  showed  a  spread  of  temperature 
readings  greater  than,  that  prescribed  by 
specifications,  accordi.-ig  to  A.K,  Pi  ewer 
of  the  UK  Mctc.’oro  log  1  CM  i  Ollice,  HiM.-k- 
nell.  The  pressure  seiisors  aisc  .-eeme.i 
to  be  below  par  since  the  pcjmpin.q  eftecr 
of  winds  grtiater  t.han  40  knots  produc.  d 
atmosplier ic  pressure  readinas  with  errc.'rs 
greater  than  1  hPa . 

National  and  International  Programs 

Data-gathering  efforts  of  tlie  World 
Meteorological  Organization  (WMO)  anci  ‘  hr- 
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I t  e  roc  >  :  ir.o!,  t  o  1  ■  o-'  ar’.o.,!  i  ophi  c  Coimiii  s- 

sic:-.  (IOC)  -wt-:-  rri.'c’.y  cioscribed  by  P. 
['■exter  VV.VO,  cOT.t.wi  ,  Swi  t  rt^r  1  jnd  .  He 

inC.icated  ti'.at  ccx-;  .'500  s'cips;  partici¬ 
pated  ir.  t!>'  W>'0  rojtwcirk,  but  there  are 
ftill  t  re.’tt  r  a<.  a  s  -fe^  K;;\iph  i  c  areas  irom 
which  there  it  ;  -iata  input.  The  same 
lack  e:  c;ata  in  -a  a  sen  t  la  1  ly  the  same 
areas  is  t  xhibitea;  y  XHT  reports  sup¬ 
plied  by  ti'.e  :  :i t ec ra t c^d  Global  Ocean 
Services  Systec  (IGCiSS)  ,  ^  ship-of-oppor- 
tui'.ity  c;a  t  a-aa  t  .'.a  r  i  .’h  net  coordinated  by 


IOC.  It  woula  aee 

t.hat 

t  hose 

"holiday" 

areas  .'ire  id'.'al  1 

■  :.vu-  :  a 

as  for 

dr  1 f ting 

buoys,  w’’.  lie  at  tte 

■1'  bgana.* 

time  , 

the  well- 

trafficked  regior.s 

p  r  •a  a  t.‘ 

at  an 

ideal  op- 

Dortur. itv  f.cr 

C  ;1  1  1  b  i' 

a  tion . 

■Another  int  ernat  lor.a  1  data-gathering 
net  sti^l  ir.  ti'.e  plar.n.ing  stage  is  the 
Operatic.nal  Wc  i  lei  Weather  Watch  System 
(OWSE)  .  C..M.  N  1C, noils  oi  the  [TK  Meteoro¬ 
logical  Ofric:--,  Sracknell,  discussed  a 
design  evaluate',;:'.  sc'r;e:r,e  that  has  been 
proposed  r'er  the-  North  .Atlantic  portion 
of  the  system  lOWSE-XA) .  The  objective  is 
to  design  ai.  ibsc-r.-ing  system  for  real- 
time  data  which  is  to  be  put  in  place  by 
the  1990 'a.  jno  of  the  problems  to  be 
addressed  is  that  tiic-  soundings  taken 
aboarc:  ship  ijet'weer.  midnight  and  0600  are 
often  i:o*.  transmitted  due  to  radio  offi¬ 
cers  .net  boi.n'-i  on  duty  at  that  time.  Var¬ 
ious  .systoais  i.i  u.se  during  1987-88  will 
be  evaluated  includinc;  ships  of  opportun¬ 
ity,  buoys,  moored  platforms,  aircraft, 
sate  1 1 1  to.s  ,  and  land  (island  and  coastal) 
.stations.  .At  the  present  time  Canada, 
Finland,  France,  West  Germany,  Iceland, 
lielanii,  It.aly,  ti'.e  Netherlands,  Norway, 
Portugal,  Epair. ,  Sweden,  Switzerland, 
the  USSP,  L;K,  and  US  are  all  involved  in 
the  pr')''ect. 

There  are  also  other  information 
.sy.ste.ms  used  by  various  countries  to  ac¬ 
quire  cer.t'.nuous  oceanic  data  for  their 
.specific  purpcse.s.  A  Canadian  effort  em- 
plcyir.g  .automated  w-iather  stations  aboard 
Japanese  .autcm.ci:'' i  lo  carriers  as  ships  of 
opportunity  was  d’.’Siiribfcd  by  G.E.  Wells, 
At.mo.sp;:er  1  c  n  v  .  r  on.t.e.n  t  Service,  Vancou¬ 
ver,  Canada.  Thin  w.is  followed  by  a  dis- 
-•ussior.  of  a  Freno'n  ‘  ffort  to  measure  the 
uppor  Acoro."  ■urr»o’':t  using  .-iurf.ace  drift¬ 
ing  buiys,  :  res’>;.tod  by  C.  Maillard 
(IFRF.VEP)  ,  ir.d  ,  portrayal  of  a  permanent 
Ane r  1 'Id.-,  .'.ctwo  r,-;  a  between  10  and  20 
Arcti'-  t.'joy.T  .by  i' .  Colony  from  t.'ie  Uni- 
■-■•'■rsity  of  W  i.  r.i;.  :t  (.'-'•‘attle),  which 

mdi:.‘air.H  tf.'"’  ays  tec:. 

T.he-  .T'- 1  hoco  I  jO','  .and  tocii.niques  of 
data  oyjd  1  1  ty  'a.-. ‘ad  by  the  US  Na- 

tio.oal  Cat  1  i-coy  .■‘onfa.'r  f.NDBC)  Were  de- 
s  ribe-c  ,  r.  sor--  deo-ai.  oy  D.B.  Gilhousen 
o:  NlaBo',  Wa  ?■  r  1  :.u  ,  b.C.  He  indicated 

that  till  a  pr  .ba:.  ro...iir  :gac‘Cific  ob- 

'eotiv*.::  >  ci'  ;.i»  ir.liCc,  te  need  for 
.ser'.'io.j  VI..  .f  ‘o  !''‘:.-:i,le  facilities. 


help  diagnose  compor.ecd  i,,:. 
provide  insight  into  .sen..<  i  ;■ 
ies,  A  simple  a  loor  1 1  ,b:;.  :• 

measured  value  to  stat  i  .st  ic  ,  l 
associated  with  liistorica:  : 
the  decision  to  bo  made  a.--:  »  v 
value  should  be  retainer!  .  : 
record  of  data  retention  :  c  ■. 
sensor  is  also  monitoiaci  fi  ; 
pertinent  to  sorv'ice  re^iui'. 
component  failures.  By  us:::: 
odology,  Gilhousen  is  co;: :  :  a 
will  be  possible  to  provim  ..p, 
trol  in  real  time  in  th.,.  > 

ture . 

Real-time  current 
required  in  Swedish  wate:o 
oil  dispersion  forecasts  a:;.! 
purposes,  since  flows  a.s  g;>,! 
are  not  uncommon.  A  program.  !<' 
develop  a  suitable  n.easurf.nc 
reviewed  by  I.  Mattissif.':,  f  t. 
Meteorological  and  Hydro  iogi. 
tute,  Stockholm.  Early  on,  t: 
was  made  to  go  with  an  aut'.':r;.,*  _ 
since  other  systemis  are  vt-.-y 
to  maintain  and  use.  Th.c' 
now  in  the  process  of  tt'-sl  i 
mounted  acoustic  Doppler  cur.*’ 
er,  coupled  with  an  invirrti  d  o 
for  surface  wave  measurement.-;, 
profilers  operating  at  dept! 
than  30  m  the  experiment'a;  . 
tain  current  measurements  uf 
tervals  less  than  5  m  witt;  an  .. 
±5  cm/s,  and  they  are  pi.e..-.;  .c 
tenance  intervals  of  gjfaie 
year . 

Evaluation  and  New  Developr:". : . i 

The  results  of  an  tvalu.it. 
performance  of  two  data  bu.  ■ 
period  of  4  years  was  pr'-'S'.;c.t 
Forsdyke,  Thorn  EMI  Electrcm.  ;c 
UK.  Those  buoys  were  desiqr.fd 
air  temperature,  SST,  watc;  t 
at  a  depth  of  3  m,  surfac.  -w 
speed  and  direction,  an  pt'. 
surface  current.  With  the  .ii: 
tion  of  the  current  sen.sc.r;:, 
been  inoperative  for  th».‘  ent  ■. 
the  units,  moored  in  600  f'.i'ot 
have  performed  well  for  t!:'-  p.i: 

Representing  the  Deacon  0 
ic  Laboratory,  Wormley,  UK  i 
Collar  described  his  effort.'-'  u, 
currents  in  the  surf  zone, 
sponsorship  of  the  Scienttf: 
on  Oceanic  Research  (SCOR), 
magnetic  sensor  current  - . 
mounted  on  the  undersic!'?  :  .■ 

suiting  in  a  system  ruggec;  e,-;.  :. 
vive  20-meter  waves.  Exai,i;;:i' 
data  shows  a  high  cor i,*.  t  i >  a. 
wind  after  tidal  curr<.‘rit  .‘.a'.-c 
tered  out.  The  data  a  I;;:  > 

good  agreement  witti  HI  i  eti; 


50 


'  v' 
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i' 1 1  tu t e  of  Marine  Ro- 
J  a  new  buoy  to  meet 
i-'nts  of  hiah-latitude 
w:a  d. -scribed  by  O.  Kor- 
itr.te.  Both  atmospheric 
s--r.sors  are  included  in 
wL  suite  mounted  aboard 
ton  buoy.  Atmospheric 
r-'si  are  wind  speed  and 
above  the  sea  surface, 
t'rature,  pressure,  and 
!-.e  water,  on  the  other 
a,  both  at  the  surface 
^  f:  a  therm.istor  chain), 
r.a.-e  waves  will  be  meas- 
to  these  instruments, 
1  a  small  computer  on 
■data  acquisition  and 
:;rarr.  inq,  onboard  data 
systems  fault  analysis, 
ry  schedules  to  be  gen- 
nsd.  The  unit  is  now 
a  tests  are  going  well 
deployment  in  the  very 


strun^ented  buoy  with  some 
iigence,"  this  one  de- 
-sively  measure  wave  height 
scussed  in  some  detail  by 
IFREMER)  .  Called  SPEAR-f', 
-rider  type  that  requires 
t  and  has  no  range  limita- 
emcloys  a  data  telemetry 
lined  to  utilize  the  ARGOS 
wlec  aboard  SPEAR-F  are 
tc  give  the  corrected 
.  r..!  fast  Fourier  transform 
frequency  bands  with 
:  ro:r,  2.6  s  to  23.1  s  are 
easy  checkout  before 
■'  buoy  has  not  been  in  use 
:  ■'.ich  a  final  conclusion 
:ility,  but  initial  tests, 
■data  received  up  to  this 
encouraging . 

different  vein,  R. 
•;  addressed  the  problems 
.  using  a  buoy  network  to 
i  FS-l  scatterometer  and 
•  In  particular,  he 

'voLop.ment  of  an  optimal 
y  placement,  taking  into 
characteristics  of 
: •  ■  ’.  1  1  te  sensors . 


;  eating,  and  somewhat 
e  to  attend  a  confer- 
■  area  of  technology  I 
.  r:  years  ago,  but  have 
with  recently.  It  was 
a  tiiere  is  some  evi- 
c degy,  such  as  onboard 
ty,  being  applied  to 
•  same  time  it  was 
t  hie  samf-  problems  of 
ty  and  data  interprota- 


tion  the  buoy  conjtunity  !ia.s  been  strug¬ 
gling  witfi  for  the  past  20  years  are 
still  wit)',  u.s.  Tile  air/ocean  interface 
where  buoys  live  is  probably  one  of  the 
most  hostile  environments  on  earth,  so  it 
is  not  surprising  that  problems  still 
remain.  What  is  surprising  is  that  there 
are  still  so  many  problems.  One  of  the 
most  upbeat  impressions  I  did  come  away 
with  was  the  excellent  record  of  COST-43 
with  respect  to  international  coopera¬ 
tion.  Apparently  if  everyone  gains, 
everyone  cooperates.  It  appears  to  me 
that  since  ev'eryone  has  much  to  gain  this 
spirit  will  continue  at  the  institutional 
level,  even  though  CO.‘^T-43  will  official¬ 
ly  disappear  next  year. 


AIR-SEA  INTERACTION  MEETING  OF 
ROYAL  METEOROLOGICAL  SOCIETY 


THE  UK'S 


t’J 


For  2  days  in  July,  1987,  Southamp¬ 
ton  University  played  host  to  the  Royal 
Meteorological  Society  summer  meeting, 
which  focused  on  the  ger.eral  area  of  air/ 
sea  interaction.  Although  this  was  es¬ 
sentially  a  regional  meeting  of  the  soci¬ 
ety,  over  50  British  inve.st  igators  par¬ 
ticipated  in  the  2-ddy  session,  which 
addressed  many  different  aspects  of  the 
air/sea  (-ice)  interface  from  what  seemed 
to  be  primarily  an  oceanographic  point  of 
view. 


Bubble  Clouds 

The  program  wmi-  stai'tcti  Ijv  S.A. 
Thorpe  from  Scuthampfot  Univ-'rsity,  who 
discussed  the  clouds  of  bubbles  produced 
by  waves  breaking  due  to  group  vefocity- 
produced  instability.  Using  .748  kHz  side- 
scan  sonar  placed  or.  the  bottom,  he  was 
able  to  obser'/o  the.Sf  bublile.s  moving  at 
the  current  speed  before-  they  dissipated 
after  about  1-5  minutes.  The  sonograms 
obtained  showed  inarked  in  speed 

of  motion  at  frontal  zones,  a-'  i  they  also 


clearly  showed  I'e-gioi 
lation  (wind  !  own.)  . 
precipitation,  arrais' 
increased,  bubb!<  o’, 
tinuously,  and  th-'i 
Bands  of  Jiubliie  c].;-; 
entrained  1;'/ 
height,  spef-d,  an-n  v. 
ferred  from  •  ;  on  - 

internal  waves  seen 
of  su  r  f -u  e  1  -a;) )  i  is; 
der  cortain.  eiui.iit  e-s 


's.  The  sonograms 
I  -nies  in  speed 

)ne  E  ,  a  •’  i  t  hey  a  1  so 
of  Lanqiiujir  circu- 
.n  11  r  1  I q  p  e  I  ■  i  e,  d  s  o  f 

■  Isi  ok  .•-r  a  1 1  e  r  1  iig  is 
ds  -ire  formed  con- 
j.is '  much  longer. 

also  appear  to  be 
i  wa'-es,  so  that 
'■le;iqth.  nay  be  in- 
ams  .  I  n  .add  1 1  ion  , 
t'l  .'suse  breaking 

■  I  I  I V  1 1  y  WiiVi'.s  un- 
,  pi  eiu.'inq  surface 


m 
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bubble  clouds.  This  may  have  a  signifi¬ 
cant  effect  on  ‘■-he  internal  waves  them¬ 
selves  as  wave  energy  is  converted  into 
bubbles.  Bubble  distiibution  appears  to 
be  related  to  various  forms  of  turbu¬ 
lence,  and  tiiere  also  seems  to  be  a  cor¬ 
relation  between  bubble  population  and 
small  (10”''C)  temperature  anomalies. 
From  these  experiences,  Thorpe  is  con¬ 
vinced  that  bubble  clouds  can  be  used  as 
a  r.dturaliy  occurring  tracer  in  the  study 
of  .many  hydrody naitic  phenomena. 

Fluxes 

An  experiment  to  measure  heat  and 
.momentum  fluxes  across  the  air-sea  in¬ 
terface  on  a  monthly  mean  basis  was  de¬ 
scribed  by  P.K.  Taylor  of  the  Deacon 
Oceanographic  Laboratory  (DOL) .  Working 
within  a  square  200  km  on  a  side  to  re¬ 
solve  the  spatial  effects  of  synoptic 
features  while  averaging  most  mesoscale 
reatures,  Taylor  used  data  from  Voluntary 
Observing  Ships  (VOS),  research  vessels, 
arid  buoys.  He  believes  that  these  fluxes 
are  an  imipcrtant  part  of  the  climate  sys¬ 
tem  and  therefore  reliable  values  are 
required  to  both  drive  and  verify  coupled 
ocean-atmosphere  models.  Monthly  mean 
data  were  used  to  allow  resolution  of  the 
seasonal  cycle.  One  of  the  byproducts  of 
this  study  was  an  analysis  of  the  VOS 
data  source,  which  indicated  that  VOS 
were  ccnsister.t,  but  biased,  especially 
for  wind  data  where  the  bias  is  on  the 
high  side. 

Fronts  and  Gradients 

A  portion  of  another  experiment,  the 
Frontal  Tiir  Sea  Interaction  Experiment 
(FASINEX),  was  described  by  R.  Pollard 
(DOL)  .  He  is  looking  at  frontal  density 
and  velocity  fields  in  the  hydrosphere, 
'.'sing  CTD,  oxygen,  and  acoustic  Doppler 
current  mieter  data  in  an  Ekjtan  conver¬ 
gence  region  near  Bermuda,  Pollard  has 
succeeded  in  producing  a  picture  showing 
many  discrete  fronts  within  this  frontal 
area.  These  data  are  in  agreement  with 
pre-/iously  derived  dynamic  plots,  even 
though  vertical  velocities  of  50  m/day 
are  indicated.  However,  he  is  able  to 
verify  these  values  from  vertical  move- 
mient  measuremients  taken  with  neutral  den¬ 
sity  f loa' o. 

The  question  of  the  cause  of  ocean 
stratification  was  addres.sed  by  John 
Woods  of  the  National  Environmental  Re¬ 
search  Council  (NERC) .  He  believes  that 
horizontal  potential  vorticity  gradients 
control  mesoscale  dynamics,  and  that 
stratification  results  from  the  spring 
rise  of  th*:'  mixed  layer.  In  addition,  the 
strength  of  the  stratification  appears  to 
be  related  to  the  correlation  between  the 
mixed  layer  depth  and  its  average  den.si- 
ty,  with  this  correlation  determined  by 


buoyancy  flux  and  gyre  circulation, 
not  by  Ekma.n  pumping. 

Remote  Sensing 

An  excellent  review  of  attributes 
and  characteristics  of  various  microwave 
sensors  used  to  sample  the  sea  surfai-.- 
was  presented  by  T.H.  Guym.er  (DOL).  Le 
limited  his  discussion  to  the  altimeter, 
the  scatterometer ,  and  synthetic  aperture 
radar  (SAR)  ,  since  these  will  be  tr.---  nia- 
jor  elements  of  the  ERS-1  i  n 1 1 umec t ri 1 1  ( ,n 
suite.  The  altimeter  seemas  to  wc:  r  quii,- 
well  when  used  .’’or  t.ho  m-e.-isuremeni  ic 
significant  wave  height  because  t!;e 
turned  pulse  shape  varies  in  a  pio'Ciict- 
abie  m.anner  with  wave  height.  Empirical 
algorithms  have  been  developed  tr.at  l.a'n 
good  correlations  wOth  ■' r  ciata  for 

significant  wave  heiglits  up  to  S  Ci .  /A^- 

t)iough  the  operation  of  the  sea  t  ter  on  e  ter 
is  not  too  well  understood  whe-r.  used  for 
wind  speed  determination,  empirical  rela¬ 
tions  seem  to  give  accuracies  better  tha.n 
±  2  m/s.  Since  the  scatteromietcr  appar¬ 
ently  measures  something  akin  to  surface 
roughness,  or  capillaries  on  the  sea  .sur¬ 
face,  the  time  constant  of  the  system  is 
quite  small  as  ripples  respond  quickly 
to  the  local  wind.  The  SAR  signal  is  also 
related  to  small-scale  surface  roughness, 
and  thus  can  be  thought  of  as  a  very- 
high-resolution  scatterometer.  Unfortu¬ 
nately,  the  SAR  signal  is  also  related  to 
wind  speed,  atmospheric  stability,  wave- 
current  interaction,  rain,  viscosity  (and 
thus  sea-surface  temperature)  ,  and  plat¬ 
form  characteristics.  Guymer  wonder. s 
whether  SAR  raises  more  problems  than  it 
solves.  More  knowledge  is  needed  regard¬ 
ing  spatial  structure  of  the  sea  surface 
at  very  short  wavelengths  and  the  r.ature 
of  biasing  of  sea-level  estimates. 

An  entirely  different  type  of  remote 
sensing  activity  was  discussed  by  C.  I,. 
Hepplewhite  of  Oxford  University.  He 
described  a  cooperative  program  in’twoen 
Oxford  and  the  British  Antarctic  Sur\-(.:y 
where  a  radiometer  was  suspended  fr'  n  the 
bow  of  a  research  vessel  as  it  t  r.i  n  iv  i  *  ■ 
from  the  UK  to  Antarctica,  and  th-'  i-- 
suiting  data  were  compared  witii  .ataiiit' 
IR  measurements.  Called  Femoti'  Oicn..--.,- 
tion  of  the  Sea  .Sui  fa.''e  A'.  ■  :  a  :• 

(ROSSA),  its  objoc,  t  1  vi',^  w.e.-  t  .  ?  , 

atmo.spheric  wiiidow  t  ran  si  : s  ,  r,  ;;  -  .  , 

study  the  s  )^  i  n  -  tempji  ■  i  a  t  u  :  ■  in.-.-' 

ture  relationship,  am:  :  •  , 

techn  ique.s  for  sa  f  t  !  !  i  t  >  :  •  :  :  :  ■  i  .  :  ;  ,  - 

tion.  Preliminary  tindin.’  •;  .• 

the  skin  tfimperat  lire  is  a.w  •  n  . . . 

bulk  tempei  i.,*  ure  ,  and  ‘  .  ;  . 

established  within  ■ 

ical  mixing. 
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'  a::-  a  prediction  model,  presented 

ip  .  .  iC'.rr.t  ;  >:  t  fie  Meteorological  Of- 

:i  •  i':  I  ,  c.d  wir  designed  to  use  his- 

1  -  a  ur  t  ice  temperature  (SST) 
d  c  ■  •  1  .  i iw  precipitation  forecasts  to 

P-  ■  .  Siicie  ncirine  data  collection 

vac  ;C  i;'ea  ir,  the  middle  of  the  19th 
c>  :c  y.d  :;as  acquired  a  large  body 

'.rciudina  over  60  million  ship 
ci  ■  a  ^  i*:  ac.  Tfiese  data  were  used  se- 
•  ■  .  .  .  ir.  tf-.e  forecast  m.odel,  and  a 

■err  .  •  rt.  tvr>en  southern  hemisphere 

Pc':  i  tat  ion  over  the  northern 

rail  :  Aiii'a  was  noted.  It  appears 

tr.  ii  -  a"  her  ispfiere  oceanic  warming 

1 1:  ^a  c;  itoc.  With  North  African 

A  liiil'i'cnt  type  of  model  involving 
'ia  ill  Nil.  .Southern  Oscillation  (ENSO) 
a:.-;  .  »  -  :  c .i  1 1  on  s  h  i  p  to  equatorial  long 

vav-  ,  v:h  ir.trcduced  by  G.R.  Bigg  (Uni- 
•.•ei-c::',.  .1  East  Anglia).  Bigg  considered 

•  ciAA'.rial  zone  to  act  as  a  wave 

cci  ii  ,  l  ipr  ing  disturbances  near  the 
•iiuit  Equatorial  Kelvin  waves  would 

be  ;;  dc.-ei,  with  the  wind  stress  acting 
ic  ‘  ;.  r,.  ii.g  function  in  this  case.  A 

:r..  ic  .  1  n  .1 .  rporating  these  concepts  should 

fit  id.'i'  '  •■'.•ir.ts  of  a  year  or  so  in  dura- 
*:i A  a  ♦  he  -'vent  of  1982-83  ,  including 
t.he  data,  is  indeed  described  quite 

w  i  ;  .  yi-,.:  mcciel  does  not  seem  to  be  ap- 

r 1  -  ai  A-  in  cases  where  the  ENSO  event 
.  a  •'  f  an  extended  period  of  time, 

t  ■■■■■  tf  the  problems  inherent  in  the 
A  ■  rii'-i  t  or  coupled  ocean-atmosphere 
■■  1 : :  A  1  :  tg  ica models  were  discussed  by 
.  L  t  ".--;an  (.MO)  ,  as  he  chronicled  the 

•  .u‘i  :  'ir  such  a  model  with  the  appro- 

r.  r ;  Ar  .lea  interaction  terms.  Since 

A  ;  heated  from  above  and  the 
i '  1  ;  i  -  heated  from  below,  the  con¬ 
i'  •  i  11.  the  opposite  direction,  al- 

.  w  .  ,  ;  introduction  of  many  hard-to- 

itic  errors.  Nevertheless, 
i  ■  a  t  ti'iiipting  to  couple  an  oce- 

i:  .  .  :  in  atrio.spheric  model  for  a  5-day 

atmospheric  model  has  11  ver- 
t:  •  -  ,  ,  u  aap  gravity  wave  drag,  and 

■  for  solar  radiation, 

••:ior.  processes,  and  precip- 
■  ■  "t-  A-an  model  has  17  vertical 

■  ’.::,ider.s  solar  radiation, 
;■  nature  exchange,  winds, 

:  ,  lA  ;  diffusion.  The  model  is 
■  ro<;'.,'.ss  of  being  refined 

:  r  :■:;•■/  of  to/piical  tropical 
:  ■  aynjircical  models  was 

'A  lAiV"'/  of  the  Hoo)te  In- 
I'nd  ti’.<it  one  such  model 
■  A  A-iars  of  computer  time 
•  •  .1  '  •/'  ar.  He  is  wor)cing 

A  1  wrich,  although  it 
■  :  ■  A :  ;  «■ :  f  <■'  -  p  s  ,  will  not  be 

.  ■  rrO'ifis,  but  will 


give  insight  as  to  the  sensitivit  y  c  :  t  )k 
various  parameters  under  consideiaf , on . 

Ice 

As  pointed  out  by  B.G.  Gardin'-n  o' i 
the  British  Antarctic  Survey  (BAS) ,  me 
presents  a  unique  problem  in  studies  in¬ 
volving  the  air/sea  interface,  because 
of  difficulties  in  description,  modeling, 
and  sensing.  It  is  difficult  to  distin¬ 
guish  between  snow  cover  over  sea  ice  smi 
over  land,  and--even  worse--the  alb-Air)  or 
open  water  sea  ice  is  about  0.25,  wi;  ilo' 
for  fast  ice  it  is  about  0.5.  Consequent¬ 
ly,  a  great  deal  of  field  worlt  is  needed 
to  quantify  a  number  of  critical  ire- 
associated  parameters.  Some  of  the  on¬ 
going  field  worlc  generated  in  answei  to 
these  needs  was  described  by  D.K.S. 
Limbert  (BAS),  M.A.  Rowe  of  tfic  Hooke 
Institute,  and  V.  Squire  of  tiie  Sciitt 
Polar  Research  Institute. 

Limbert  related  some  of  tlie  details 
of  an  experiment  performed  in  t)-,e  Wt-ddel 
Sea  to  determine  the  relation  betwfAcn 
meteorological  factors  and  the  drift  of 
pac)c  ice.  By  monitoring  a  buoy  implanted 
in  the  moving  ice  pac)<,  BAS  hoped  to  im¬ 
prove  synoptic  analysis  techniques,  in¬ 
crease  )tnowledge  of  ice  movements  lomed 
by  weather  systems,  acquire  heat  flux 
information,  and  learn  more  about  water 
raass  transport  into  and  out  of  the  Weddel 
Sea.  Such  a  buoy  was  placed  in  the  ice 
pack  and  sent  data  through  the  ARGOS  sys¬ 
tem  for  478  days.  The  movement  of  the 
buoy  appeared  to  follow  the  1000-m  bathy¬ 
metric  contour,  while  it  exhibited  wind- 
driven  anomalies  superimposed  on  thf 
basic  residual  current.  These  changes  in 
movement  were  also  substantiated  by  winds 
inferred  from  available  weather  charts. 
The  average  speed  of  the  buoy  was  about 
10  km/day,  but  net  drifts  seemed  to 
be  about  4  km/day,  indicating  a  rate  of 
ice  movement  out  of  the  Weddel  Sea  of 
1,500,000  )un^/yr.  This,  plus  any  melted 
ice,  must  be  replaced  by  new  ic^  each 
year,  of  course,  if  equilibrium  is  to  be 
maintained . 

The  Winter  Weddel  Sea  Project  (KWAP) 
also  involved  the  use  of  drifting  butA'/'A 
but  in  this  case,  the  objective  was  to 
determine  the  relative  importance  ut  tid¬ 
al  forces  on  the  observed  motion.  HC'We 
recounted  some  of  the  results  of  '  ht  so 
measurements.  Tidal  currents  obtAi.A  i  I 
other  methods  indicate  typical  spo,  .o  .  f 
about  0.5  cm/s,  but  movements  ii.A  ri.'d 
from  buoy  data  indicate  velocif  -o'.'  o.a,  - 
dated  with  motions  having  tidal  it  ;  n- Is 
to  be  an  order  of  magnitude  gro,,t..'t  .  ai 
this  point  it  is  not  clear  wh.it  f  ;a’so 
motions  are  associated  with,  i  a,. 

0.5  cm/s  values  were  measured  'ii  '  p 

water,  while  the  buoy-associ  a '  '  d  .•  a  a 
are  from  shallow  water  area;;. 
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The  work  of  Squire  was  quite  differ¬ 
ent,  since  his  interest  in  ice  had  to  do 
with  the  effect  of  the  ice  edge  on  wave 
trains  coming  from  the  open  sea.  He  re¬ 
viewed  an  experiment  carried  on  in  the 
Weddei  Sea  where  the  wave  spectrum  was 
measured  on  both  sides  of  the  ice  edge 
(actually  the  marginal  ice  zone,  a  region 
of  floes  of  various  sizes  and  shapes). 
As  waves  move  into  an  ice  field,  the  ice 
edge  is  continually  being  broken  up  into 
small  floes,  wave  amplitudes  decrease  and 
the  stiorter  waves  are  filtered  out,  dis¬ 
appearing  from  the  spectrum.  This  is 
apparently  due  to  hydrodynamic  effects, 
floe  collisions,  scattering  effects,  and 
the  inelastic  nature  of  ice  as  it  bends. 
It  is  not  clear  at  this  point  which  of 
these  effects,  if  any,  is  dominant. 


Summary 

This  meeting  of  the  Royal  Meteoro¬ 
logical  Society  addressing  the  air/sea 
interaction  problem  was  a  little  sur¬ 
prising  in  that  the  topics  discussed  ap¬ 
peared  to  treat  the  "sea"  part  of  air/sea 
almost  to  the  complete  exclusion  of  the 
"air"  part.  However,  it  did  point  up  the 
fact  that  at  least  British  oceanographers 
and  meteorologists  are  becoming  more  and 
more  aware  of  the  inseparable  coupling 
that  exists  between  oceanic  and  atmos¬ 
pheric  processes.  I  am  hearing  with  in¬ 
creasing  frequency  statements  that  re¬ 
flect  the  attitude  that  processes  in  one 
fluid  cannot  be  completely  understood 
without  considering  those  in  the  other. 
Having  said  that,  I  was  somewhat  disap¬ 
pointed  at  the  relatively  small  number  of 
presentations  that  directly  treated  air/ 
sea  interaction  problems  at  a  meeting 
called  specifically  to  address  this  sub¬ 
ject  area.  I  would  suppose  that  this 
reflects  the  fact  that  there  is  not  too 
much  UK  activity  in  the  air/sea  interface 
arena  at  this  time.  It  is  possible  that 
one  of  the  objectives  of  the  meeting  or¬ 
ganizers  was  to  spark  interest  in  this 
very  important  research  discipline.  One 
would  hope  so,  since  the  major  problem 
area  in  coupled  models  appears  to  be  a 
poor  understanding  of  the  processes  gov¬ 
erning  the  exchange  of  mass  and  energy 
across  the  air/sea  interface. 


Physics 


A  SMALL  FRENCH  MEETING  ON  OPTICAL  COMMU- 
NICATIONS 


bit  t  aul  Fonan.  Dr.  Roman  is  the  Liaison 
Scientist  for  Physios  in  Europe  and  the 
Middle  East  for  the  Office  of  Naval  Re¬ 
search's  London  Branch  Office.  He  is  on 
assignment  until  September  2988. 


"Telemat  87 — Horizons  de  I'Optique," 
held  at  the  National  Graduate  School  of 
Physics,  University  of  Marseille  (Saint- 
Jerome  Campus)  from  1  through  4  June,  was 
a  new  event,  combining  three  previously 
independent  meetings:  Telemat,  Horizons 
of  Optics,  and  sessions  by  a  task  group 
of  the  French  Optical  Society.  Telemat, 
a  biennial  event  since  1981  is  staged  by 
the  National  Graduate  School  of  Physics 
(Marseille) ,  and  dedicated  to  contribu¬ 
tions  of  physics  to  communication  tech¬ 
nologies.  Horizons  of  Optics,  which  sup¬ 
plied  a  good  contingent  of  speakers,  is  a 
regularly  convened  small  meeting  within 
the  French  Optical  Society,  concentrating 
on  recent  progress  in  optics  and  its  in¬ 
dustrial  applications.  Finally,  a  regu¬ 
larly  meeting  task  group  of  the  French 
Optical  Society  arranged  for  sessions 
related  to  problems  of  optical  computing 
and  the  use  of  optics  in  computers.  The 
unification  of  these  three  elements 
proved  fruitful  and  the  conference  was  a 
forum  representing  optics  in  the  service 
of  information  technology  and  communica¬ 
tions  . 

There  were  nearly  150  registrants — 
almost  all  of  them  French.  The  talks  were 
given  in  French  (no  simultaneous  or  ex 
post  facto  translations  were  supplied) . 
I  have  a  book  that  contains  most  of  the 
abstracts  (it  is  in  French)  and  may  be 
able  to  send  copies  to  colleagues  who 
have  specific  requests.  The  entire  texts 
of  the  talks  will  appear  in  a  special 
issue  (probably  in  early  1988)  of  the 
Annales  des  Telecommunications . 

The  National  Graduate  School  of 
Physics  (Marseille  University) ,  the 
French  Optical  Society,  and  the  Society 
of  Electrical  and  Electronic  Engineers 
were  the  organizers  of  the  meetings  (as¬ 
sisted  by  contributions  from  a  number  of 
national  organizations)  and  any  enquiries 
should  be  sent  to  Professor  P.  Bousquet, 
Director,  ENSPM,  Domaine  Universitaire  de 
Saint-Jerome ,  F-13397  Marseille  Cedex  13. 
Perhaps  I  should  mention  that  the  honor¬ 
ary  president  of  the  conference  was  Pro¬ 
fessor  H.  Curien,  the  former  Minister  of 
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wnL’  jctually 
jpt  (  1  fc t  ronic 

.-'■Kial  session 


in.to  the 


■  ir.u  related  sensors 
syst-en.s  and  devices 
te  1  •>;:r'r.'jiuin  i  cation  (  in- 
c  n.ponent  technology , 
■."il  app  1  ica t  ions  ) 

:  jr.ic  ir.aterials  and 
niicro-opt<Je  lec- 


op*^ics  in  computer 


;  :i  the  Gallic  tradition, 

-  w-' re  only  approximative. 

n;.->  sessions  had  greatly 
ci,.s--but  rarely  more  than 
‘.die  total  number  of  par- 
itLi  the  fact  that  no  par- 
were  held  and  no  poster 
disrupted  the  learned  at- 
■  ,  :  think,  the  unification 

:s  was  less  successful  than 
of  topics.  Possible  ex- 
'he  two,  .'rather  informal 
:  r -.1  V  ,  undocumented)  round- 
:  one  on  discussing  II-IV 

.  ’.-•riais  for  optoelectron- 
;  optical  functions  in  com- 


.-t  ct  this  article,  I  will 
ipi'rs  given  in  areas  3,  4, 


n  1  oa  t  i  or. 

opened  with  an  invited 
to-  (LETI,  Grenoble),  who 
lifogress  in  integrated 
substrates.  He  recalled 
t)y,  the  structures  for 
‘■n  silicon  substrate 
1  layered  .systems  of  the 
hiO  .  Hero,  a  very 
:n  retractive  index  ex- 
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and  tlie  adjacent 
‘ej ; oped  a  line  of 
■chnclogy,  leading 
ic-ii  circuits  with 
erent  fabrication 
r ,  these  devices 
1  ;  .ug  to  mono.T.ode 
i'.' ,  about  3  years 
V  !  i  .0“  of  tecfiiiol- 
>n  multilayers  of 
']');ese 
'.  >  ■  r  i  s  t  1  c  s 
r  large  con¬ 
i'  i  bed  in 
'  ii‘  so  struc- 
,  r he  doping 
r  '  a r  ic  tua  i 


:-:i  o 
1  r  1 

■w  ;  ■' 


are 

of 


iiurii- 
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cations.  Both  per  roriiui!  .  -har 
and  cost-efficiency  of  f.iaci  ;c 
appear  most  promising. 

In  COnto,-!,;*;  to  tile  prec 
er,  S.  Ted  •,  on  bi  iia  I  r  o; 
noble)  did  not  deiscribe 
search  on  devices  but  rather 
somewliat  radical  idea,  lie  sugc 
instead  of  transmit  tin.g  millii; 
through  standard  wa  vegu  i  rii.' 
profitable  to  construct  a  systi:-  : 
mm-waves  are  trans.mi tted  vi  i  r 
optical  wave.  The  low’  .‘iber-..;  t'  : 
the  very  large  bandwidth,  aie!  t  :v 
ness  of  fibers,  ho  prop!:*  s ; , 
day  overturn  the  accuston.od  r.:.  ~w  r. 
niques  of  today.  Ted]ii.i  ae.-e;* 
currently  available  diode  lane;.-, 
used  for  carrier  wave  sources,  aii., 
photodetectors  with  60-c;;;z  barn.iwi 
be  also  appropriate  for  the  puitt  .  i  i,f 
reception.  The  really  di!licul».  pait 
would  be  the  modulator.  Hr  suggested 
that  traveling  wave  electro-opt  ic.i  1  tio'iu- 
lators  may  be  the  key  to  .sol  vine  ti-e 
problem  of  an  extremely  loiruf’  han.d- 
width . 

Related,  but  more  down  to  earth  was 
the  talk  by  Ph.  Richin  (Thoinsor.-C?F ,  Or- 
say)  who  analyzed  optical  t  ran.sni  ssic.’i 
systems  for  the  multi-gigahertz  data  flow 
domain.  Transfer  character isti  c.s  ,  ;.iianal- 
to-noise  ratio,  and  linearity  (as  a  func¬ 
tion  of  intermodulation)  were  discus.sed 
as  domains  of  concern.  One  conclusion  of 
the  study  was  that  external  and  direct 
modulation  are  both  promising  and  com¬ 
plementary  methodologies,  but  eacii  is 
valid  only  in  its  own  domain. 

One  more  talk  in  the  area  of  optical 
communication  caught  my  interest.  A .  S . 
Galerneau  (University  of  Marse.ill'’  ar-.d 
the  CNRS  Laboratory  for  SurfLite  Opti':- 
and  Thin  Films),  reporting  on  wo;  k 
in  cooperation  with  Contr.-  N,-.  t  i  ; 
d'Etudes  des  Teiecommunicati  on.s  i. 
Lannion)  ,  discussed  the  appii, 
interference  filters  for  opt j oa 1 
plexing.  Althouq);  th.o  fabrir 
experimental  evaluation  of  aa"'.: 
was  part  of  the  effort,  murdi  ; 
focused  on  an  intel  ’  igo:,’  o, 
thf’  behavior  of  multidi-  .o 

f  i  1  ter s--emphd s  i z  1  nq  ;  g;  '. . 

cally  pertinent  to  using  t la" 
t ip lexinq . 


1  f 


Optoelectr  o  n  i  c  .s 
The*  kovnot*' 
delivered  by  J. 
Nice).  Hi.s  Coll 


ad  ha-: 
Iv.jt  in 
!  u  1  i 


!"■ 


Daper  was  entitled 


.Mon  1 1  near  Reg  ima*  .  " 
ing  the  .ludience  o: 
nonlinear  effe<1s, 
are  )j<ised  on  tni-  s 
.3 s  nor.  1  1  nea  i.  e  t  ;  e< 
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primarily  the  variability  of  the  third- 
order  dielectric  susceptibility  ■<  ^  -  K  In 
particular,  in  a  monomode  fiber  this  will 
lead  to  highly  elevated  light  intensi¬ 
ties;  the  very  small  attenuation  causes 
also  a  very  long  interaction  length, 
leading  to  spectacular  behavior.  However, 
even  more  important  are  the  nonlinear 
effects  in  fibers  that  are  not  simply 
extrapolations  of  bulk  effects.  It  is 
important  to  realize  that  on  one  hand,  a 
fiber  is  an  optical  waveguide,  so  that 
adjustable  new  degrees  of  freedom  are 
introduced  into  the  analysis.  On  the 
other  hand,  the  different  orders  of  the 
magnitude  of  certain  parameters  are  some¬ 
times  so  large  (for  fibers  as  opposed  to 
bulk)  that  qualitatively  new  phenomena 
can  be  observed.  Some  of  the  specifics 
analyzed  by  Botineu  were  purely  electron¬ 
ic  anharmonicities ,  self-induced  bi¬ 
refringence,  three-  and  four-wave  mixing, 
Raman  and  Brillouin  scattering,  and  op¬ 
tical  solitons. 

G.R.  Boyer  (Ecole  Polytechnique , 
Palaiseau)  chose  an  important  topic  for 
his  presentation.  He  talked  about  the 
compression  of  light  pulses  by  utilizing 
phase  automodulation  in  a  monomode  wave¬ 
guide.  He  reported  on  experiments  in 
which  (from  60-fs-long  light  pulses  pro¬ 
duced  by  a  ring  laser  arrangement)  light 
pulses  as  short  as  13  fs  were  obtained, 
with  a  repetition  rate  of  10  Hz.  As  in 
similar  work  done  elsewhere,  the  basis  of 
the  pulse-compression  was  the  nonlinear 
optical  Kerr  effect  in  a  monomode  fiber 
(causing  phase-automodulation) .  The  vari¬ 
ous  frequencies  thus  created  were  then 
readjusted  in  their  phase  by  a  dispersive 
transmission  line,  which  introduced  among 
them  a  retardation  proportional  to  the 
frequency  deviation  from  the  pulse's  cen¬ 
tral  frequency.  This  process  results  in 
a  compression  which  approximately  equals 
the  frequency  broadening  factor.  The  ex¬ 
perimenters  used  a  30-irjTi  length  of  polar¬ 
ization-maintaining  monomode  fiber. 

The  last  talk  I  wish  to  report  in 
the  context  of  optoelectronics,  was  very 
much  ma ter i a Is-science  oriented.  G.  Eecoy 
(Eniv'ersite  des  Sciences  et  Technique.s  du 
Languedoc,  Montpellier)  discussed  proper¬ 
ties  of  II-VI,  as  well  as  III-V  materi¬ 
als,  relevant  for  specific  photodetec¬ 
tors.  In  particular,  he  considered  the 
wavelength  domain  2-4  um.  He  recail’.-d  a 
list  of  parameter.s  that  properly  cl.ar- 
acterize  photodetectors,  and  focused  on 
devices  which  work  in  the  avalanc)i<  - 
regime.  Main  emphasis  wa.s  put  on  tlie 
characterization  of  intrinsic  noise. 
Lecoy  showed  that  the  essential  char¬ 
acteristic  IS  the  '' coc' f  f  1C  1  ►’n  t  of  ex¬ 
cess  noise,"  which  is  the  ratio  k=!'0'» 
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"la’or  conclusion  was  that  liolographi  c 
techniques  may  satisfy  an  entire  set  of 
needs  for  building  reconf igurable  optical 
onnections ,  including  devices  for  spa- 
lal  optical  switching. 

Another  theoretical  study  (amplified 
by  careful  numerical  modeling)  was  pre¬ 
sented  by  H.  Althouayri,  a  visiting  scien¬ 
tist  from  the  Hassan  II  University,  Casa¬ 
blanca,  Morocco;  he  represented  a  re¬ 
search  group  of  the  University  of  Mar¬ 
seille,  the  conference  host.  This  tallc 
concerned  the  lowering  of  the  bistability 
tnreshold  by  means  of  resonant-excitation 
of  surface  waves.  Assuming  that  a  suf¬ 
ficiently  formed  (undulated)  saphire  sur¬ 
face  waveguide  is  available,  illumination 
with  TM  polarized  light  can  lead  to  res¬ 
onant  excitation  of  surface  plasmons, 
which,  will  increase  the  internal  field 
in  the  waveguide,  and  thus,  lower  the 
threshold  intensity  needed  for  observing 
optical  bistability. 

Concluding  Remar)cs 

Despite  some  uneveness  in  the  level 
of  the  talks  this  conference  was  a  good 
one,  because,  at  least  in  a  limited  man¬ 
ner,  it  facilitated  interactions  between 
researchers  in  different  fields.  Academia 
and  goi-ernment-sponsored  research  labora¬ 
tories  were  most  heavily  represented,  but 
industrial  research  laboratories  were 
also  highly  visible.  The  organizers  did 
,i  rir.e'  •' ob :  the  atmosphere  was  relaxed 

and  there  was  plenty  of  time  for  informal 
1 t'ractions--provided  one  could  speak 


Areas  where  existing  sensors  could  be 
made  more  efficient  and  cost-effective 
are  highlighted  so  that  industry  can  cap¬ 
italize  on  the  information. 

The  report  also  includes  a  litera¬ 
ture  review  of  current  research  and  makes 
recommendations  to  ensure  that  sensor 
provision  assists  the  growth  of  biotech¬ 
nology-based  manufacturing  processes. 

The  report,  "Future  Sensor  Needs  of 
Biotechnology  Based  Industries--A  Sur¬ 
vey,"  was  written  by  David  Rawson  and 
Sarah  Gardner,  and  was  edited  by  Dr.  Tony 
Challoner.  It  is  priced  at  £50  (about 
$80)  and  is  available  from  Publications 
Sales,  Warren  Spring  Laboratory,  Gunnels 
Wood  Road,  Stevenage,  Herts  SGI  2BX. 
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MATERIALS  RESEARCH  IN  GOTEBORG,  SWEDEN 

Chalmers  University  of  Technology  in 
Goteborg,  Sweden,  is  one  of  the  most  ac¬ 
tive  centers  of  scientific  and  technolog¬ 
ical  research  in  the  Scandinavian  coun¬ 
tries.  Recently,  I  had  the  opportunity 
to  visit  the  University’s  Center  of  Mate¬ 
rials  Science  (CMS) ,  and  in  particular, 
the  electron  microscopy  and  metal  physics 
group,  of  which  Dr.  Gordon  Dunlop  is  the 
director.  The  group  has  many  interesting 
studies  in  progress,  a  few  of  which  are 
described  in  this  note. 


News  and  Notes 
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Carbide  and  Nitride  Precipitates  in 
Steels 

A  field-ion  microscope  with  atom- 
probe  (AP)  analysis  has  been  constructed 
at  CMS.  The  AP  is  essentially  a  time-of- 
flight  spectrometer  attached  to  a  field- 
ion  microscope  (see  ESN  41-7:377-380 
[1987]).  Surface  atoms  from  the  needle- 
shaped  specimens  are  removed  by  field 
evaporation.  Atoms  with  the  correct  tra¬ 
jectory  pass  through  the  probe  aperture 
into  the  mass  spectrograph,  where  the 
mass  of  the  atom  is  determined  by  time- 
of-flight  (see  Figure  1). 

L.  Karlsson  (1986)  has  used  AP  to 
examine  needle-shaped  specimens  of  stain- 
less-steel  (SS)  containing  various  pre¬ 
cipitates  (ppt)  after  a  range  of  heat 
treatments.  Ppt  are  observed  in  austen¬ 
itic  SS  with  0.5-atomic-percent  Ti ,  Nb , 
V,  C,  or  N,  with  heat  treatments  from 
700''C  to  OOO^C.  The  AP  reveals  the.'  ppt 
to  be  nonstoichiometr  ic  \.'ith  relatively 
high  concentrations  of  chromium.  In  this 
way,  Karlsson  examined  the  nature  of  ppt 
formed  after  a  range  of  heat  treatments 
ijT  different  specimens  of  austenitic  SS, 
containing  boron  additions  of  100  ppm. 
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Figure  1 .  Schematic  diagram  of  the  atom- 
probe  instrument. 


The  AP  is  an  excellent  method  for  per¬ 
mitting  the  observation  of  the  effects 
of  impurities  and  additives  on  the  nature 
and  distribution  of  the  ppt. 

Hydrogen  at  the  Pd/Mg  Interface 

The  absorption  of  H2  in  Pd  and  Mg 
has  been  examined  by  A.  Krozer  and  others 
as  part  of  a  project  on  the  hydrolysis  of 
metals  for  hydrogen  storage  purposes. 
Tranverse  sections  of  the  Pd/Mg  inter¬ 
faces  have  been  examined  by  transmission 
electron  microscopy  (TEM)  and  electron 
analytical  techniques.  Kroger  et  al. 
studied  the  concentration  of  the  hydrogen 
with  respect  to  the  distance  it  pene¬ 
trated  the  Pd/Mg  interface.  They  found 
that  the  H,  is  concentrated  at  the  inter¬ 
face  with  very  little  in  the  body  of  the 
Mg  metal.  A  stack  of  Pd/Mg  interfaces 
were  prepared,  and  these  confirmed  that 
the  Hj  is  retained  at  the  interface  only. 

Surface  Reaction  Chemistry  Related  to  the 
Reciprocating  Engine 

B.  Kasemo  and  coworkers  are  carrying 
out  studies  on  surface  reactions  and,  in 
particular,  those  related  to  the  recipro¬ 
cating  engine.  The  reactions  are  carried 
out  in  a  reaction  cell  at  10“**  to  10 
torr,  and  subsequently  the  specimen  is 
displaced  into  an  ultrahigh  vacuum  of 
10”' '  torr  for  mass  spectroscopy  and 
Auger  spectroscopic  analysis.  Kasemo's 
group  investigated  several  surface  re¬ 
actions  including:^ 

•  The  exothermic  catalytic  reaction  of 
H  ;  +  0.;  on  Pt 

•  Oxidation  of  small  C  particles  and 
thin  C  layers 

•  High-temperature  reactions  on  ceramic 
sur  faces  . 

Surface  Studies  of  Inorganic  Biomaterial 
Kasemo  and  his  group  are  also  study¬ 
ing  the  surface  structure  of  inorganic 
biomaterials  using  a  wide  range  of  elec¬ 
tron  and  x-ray  spectroscopic  measurements 
(Kasemo  and  Lausmaa,  1986)  .  They  have 


characterized  the  surface  oxides  on  Ti 
implants.  Surface  contaminations  on  im¬ 
plants  can  be  a  problem  in  ust*  in  the 
biosystem;  the  bonding  to  tissue  can  be 
affected.  Kasemo  has  studied  in  detail 
the  surface  oxides  on  Ti  implants;  traces 
of  F  can  accelerate  oxide  growth.  X-ray 
photoelectronic  spectroscopy  scans  of  C 
and  0  peaks  give  information  about  the 
chemical  state  of  the  surface.  The  shape 
of  the  0  peak  gives  indirect  evidence 
about  OH  and  H2O  at  the  interface. 

Other  Studies 

An  idea  of  the  active  nature  of  the 
electron  microscopy  group  can  be  obtained 
from  the  wide  range  of  their  ongoing 
studies;  these  include: 

•  Superplastic  deformation  of  ceramic 
materials 

•  Precipitation  reactions  in  stabilized 
austenitic  stainless  steel 

•  Fine-scale  microstructure  of  high¬ 
speed  steels 

•  Transformations  in  hard  metal  binder 
phase  alloys  and  creep  of  hard  metals 

•  Precipitation  and  creep  in  high-con- 
ductivity  Cu-Cr  alloys 

•  The  influence  of  Fe  and  Cr  on  the  mi¬ 
crostructure  of  cast  Al-Si-Mg  alloys 

•  Formation  of  intermetallic  compounds 
during  solidification  of  dilute  Al-Fe- 
Si  alloys 

•  The  microstructure  of  rapidly  solidi¬ 
fied  Al-5Mn-2Cr 

•  Development  of  microstructure  in  age 
hardening  cast  Mg  alloys 

•  Development  of  microstructure  during 
fabrication  of  Si3N4-Zr02 

•  Partially  stabilized  Zr02 

•  Oxidation  of  B-Si3N4  ceramics 

•  The  role  of  microstructure  in  ZnO  var¬ 
istor  material. 

The  National  Context  for  CMS  Work 

While  the  studies  at  CMS  are  related 
to  and  have  significant  technological  im¬ 
portance,  they  are  pursued  as  basic  stud¬ 
ies.  This  relates  to  the  very  sensible 
collaboration  in  Sweden  between  univer¬ 
sity  and  industry.  This  is  helped  and 
encouraged  by  the  Swedish  National  Board 
for  Technical  Development  (STU) .  At  STU, 
material  research  is  covered  by  the  In¬ 
dustrial  Processes  Department,  headed  by 
P.  Forsgern;  metallic  materials  are  cov¬ 
ered  by  K.  Klarin,  ceramic  materials  by 
C.O.  Frykfors,  and  polymers  and  compos¬ 
ites  by  K.  Lindman.  A  recent  meeting  of 
the  STU  committee  on  Engineering  Ceramic 
prepared  a  new  5-year  plan  for  research 
studies  in  Sweden,  involving  many  of  the 
major  industrial  companies  such  as  Volvo, 
Sanvik  Hard  Materials  AB ,  Kema  Nord  In- 
dustrikemi,  Asea-Cerama,  AB,  with  the 
universities  in  Gdteborg  and  Stockholm. 
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Also  located  in  Goteborg  is  the 
Swedish  Institute  of  Silicate  Research, 
and  near  the  university  campus,  there  is 
a  developing  industrial  research  park. 
Many  of  the  Swedish  scientists  have 
worked  in  the  US  and  are  completely  fa¬ 
miliar  with  US  practices.  Scientific 
meetings  in  Sweden  are  usually  in  Eng¬ 
lish,  though  their  meetings  are  not  gen¬ 
erally  well  known.  Several  meetings  on 
materials  science  are  planned  for  1988, 
and  details  of  these  will  be  published  as 
far  as  possible  in  advance  (as  in  item 
below)  ESfllB  and  other  ONRL  publications. 
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MEETING  ON  COMPOSITE  MATERIALS  IN  SWEDEN, 
March  (1988) 

The  Swedish  Society  for  Materials 
Technology  and  the  Center  for  Materials 
Science,  Chalmers  University  of  Technol¬ 
ogy,  are  organizing  a  meeting  to  be  held 
on  15  and  16  March  1988  on  Composite  Ma¬ 
terials.  The  meeting  will  be  located  at 
the  Chalmers  University  of  Technology, 
Goteborg,  Sweden.  The  language  used  at 
the  meeting  will  be  English. 

The  program  will  cover  important  as¬ 
pects  of  the  science,  technology,  and 
engineering  applications  of  composites. 
As  of  this  date,  invited  speakers  in¬ 
clude  : 

•  T.W.  Clyne,  Cambridge  University,  UK, 
"Metal  Matrix  Composites" 

•  A.R.  Bunsell,  Ecole  des  Mines,  Evry, 
France,  "Structure  and  Properties  of 
Advanced  Fibers" 

•  D.B.  Marshall,  Rockwell  Science  Cen¬ 
ter,  US,  "Ceramic  Matrix  Compos¬ 
ites" 

•  T.  Mantyi-,  ouiversity  of  Tampere, 
Finland,  "Creep  of  Metal  Matrix  Com¬ 
posites" 

•  R.  Talreja,  Technical  University  of 
Denmark,  Lyngby,  Denmark,  "Fatigue 
Damage  in  Polymeric  and  Ceramic  Matrix 
Composites" 


As  indicated  by  the  list  of  invited 
speakers,  and  because  of  the  quality  and 
current  concentration  of  effort  in  Sweden 
on  materials  research,  this  meeting  prom¬ 
ises  to  be  particularly  interesting. 

Further  details  can  be  obtained 
from  Dr.  G.L.  Dunlop,  Professor,  Center 
for  Materials  Science,  Chalmers  Univer¬ 
sity  of  Technology,  5  Fysikgrand  3, 
5-41296,  Goteborg,  Sweden.  Telephone  Int 
+46-31723307;  Telefax  Int  +46-31-165178. 
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MECHANICAL  TESTING  OF  ENGINEERING  CERAM- 
ICS  AT  HIGH  TEMPERATURES 

A  meeting  will  be  held  on  the  me¬ 
chanical  testing  of  engineering  materials 
at  high  temperatures  in  London,  UK,  on 
11  and  12  April  1988,  at  the  Excelsior 
Hotel,  London  Heathrow  Airport. 

This  meeting  is  being  organized  by 
the  UK  High  Temperature  Mechanical  Test¬ 
ing  Committee  in  collaboration  with  the 
Institute  of  Ceramics  (UK) .  Since  the 
measurement  standards  in  the  field  of 
engineering  ceramics  are  only  now  being 
developed,  the  purpose  of  this  meeting  is 
to  review  test  equipment  and  methods  and 
to  establish  international  standards,  and 
it  is  therefore  of  significant  interest 
to  all  those  concerned  with  engineering 
ceramics.  The  conference  will  consist  of 
a  series  of  invited  papers,  and  also  a 
poster  session  for  which  contributions 
are  sought — they  will  be  acceptable  up 
to  time  of  the  meeting. 

Further  details  can  be  obtained  from 
Dr.  B.F.  Dyson,  Conference  Chairman,  Di¬ 
vision  of  Materials  Applications,  Na¬ 
tional  Physical  Laboratory,  Teddington, 
Middlesex  TWll  OLW,  UK.  Telephone  01- 
943-6519;  Telex  262344. 
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HYDRAULICS  AND  FLUID  MECHANICS  RESEARCH 
AT  ECOLE  POLYTECHNIQUE  FEDERAL  DE  LAU¬ 
SANNE 

The  Ecole  Polytechnique  F^d^ral  de 
Lausanne  (EPFL) ,  located  in  Lausanne, 
Switzerland,  has  an  enrollment  of  more 
than  2300  and  a  staff  of  approximately 
1500  professors,  assistants,  technicians, 
and  administrators.  It  is  one  of  two 
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federal  institutes  of  technology  in  Swit¬ 
zerland,  the  other  being  the  Eidgenos- 
sische  Technische  Hochschule  (ETH)  in 
Zurich. 

This  article  reports  on  a  visit  to 
EPFL's  Institute  of  Hydraulic  Machinery 
and  Fluid  Mechanics  headed  by  Professor 
I.L.  Ryhming.  Professor  Ryhming  is  well 
known  for  his  contributions  to  fluid  me¬ 
chanics.  He  has  had  wide  academic,  in¬ 
dustrial,  and  administrative  experience 
in  his  native  country  of  Sweden  (where  he 
was  the  chief  scientist  of  the  Aeronau¬ 
tical  Research  Institute  of  Sweden 
[FFA] ) ,  in  the  US  where  he  worked  for  the 
Boeing  Company,  General  Dynamics,  and  the 
Aerospace  Corporation,  and  in  Switzerland 
where  he  served  as  scientific  director  of 
the  Institut  CERAC. 

The  Institute  for  Hydraulic  Machin¬ 
ery  and  Fluid  Mechanics  has  a  scientific 
and  technical  staff  of  approximately  45 
and  is  located  on  two  sites:  the  hydrau¬ 
lic  research  facilities  in  the  original 
buildings  in  the  center  of  Lausanne,  and 
the  fluid  mechanics  research  facilities 
on  the  new  (since  1976)  campus  in  Ecub- 
lens  approximately  5  1cm  west  of  the  down¬ 
town  site.  Both  laboratories  impressed 
me  as  being  among  the  most  modern,  well 
equipped,  and  aesthetically  pleasing  fa¬ 
cilities  I  have  seen  in  Europe  and  bear 
clear  witness  to  the  success  which 
Ryhming  has  had  in  obtaining  support  for 
this  research  activities  both  from  the 
government  and  from  Swiss  industries. 

Hydraulics  Research 

The  showpiece  of  the  hydraulics  lab¬ 
oratory  is  the  newest  and  most  modern 
cavitation  tunnel  in  Europe;  it  was  com¬ 
missioned  in  February  1986.  Most  of  the 
1.1  million  dollars  required  for  its  con¬ 
struction  was  obtained  from  a  consortium 
of  Swiss  hydraulic  turbine  manufacturers 
with  smaller  eimounts  of  support  coming 
from  various  Swiss  organizations  in¬ 
cluding  the  Swiss  National  Science  Foun¬ 
dation.  The  test  section  is  approximate¬ 
ly  15x15  cm^  and  45  cm  long.  The  maximum 
velocity  is  50  m/s,  and  the  tunnel  can  be 
pressurized  up  to  15  bars.  The  tunnel  is 
equipped  with  high-intensity  lighting  for 
flow  visualization  and  a  computer- 
controlled  LDA  system. 

The  money-making  side  of  the  opera¬ 
tion  is  doing  performance  testing  for 
hydraulic  turbine  manufacturers.  In  fact, 
EPFL  has  one  of  only  three  such  facili¬ 
ties  in  the  world.  At  present  there  are 
two  test  stands  capable  of  absorbing  ap¬ 
proximately  500  hp.  A  third  test  stand 
is  currently  being  designed.  The  facility 
is  directed  by  Professor  P.  Henry  and  is 
staffed  by  two  professors,  three  Ph.D.- 
holding  assistants,  four  engineers,  and 
numerous  technicians. 


Vortex  Cavitation 


Water  Inlet 


Figure  1.  Vortex  chamber. 


Cavitation  is  an  area  in  which  the 
laboratory  has  a  very  active  research 
program.  Ryhming  believes  that  he  has 
discovered  a  new  cavitation  mechanism  in¬ 
volving  vortex  bursting  in  which  a  vortex 
element  shed  by  a  cavitating  blade  is 
swept  downstream  and  implodes  on  a  fol¬ 
lowing  blade  or  the  turbine  casing.  This 
is  different  from  ordinary  bubble  col¬ 
lapse  because  of  the  presence  of  vortic- 
ity.  He  has  developed  a  device  for  pro¬ 
ducing  such  vortex  implosions  (see  Fig¬ 
ure  1)  and  in  collaboration  with  the 
physics  department  is  using  a  scanning 
electron  microscope  and  a  Cranz-Schardin 
chronolens  system  to  investigate  the  cav¬ 
itation  damage  and  the  manner  in  which 
it  occurs. 

On  the  main  campus  are  research  fa¬ 
cilities  for  doing  shock  wave,  three- 
dimensional  boundary  layer,  and  boundary 
layer  manipulation  studies.  It  is  oper¬ 
ated  by  a  staff  of  approximately  25  pro¬ 
fessors,  assistants,  research  students, 
and  doctoral  candidates.  The  newest  of 
these  facilities  is  the  three-dimensional 
boundary-layer  tunnel  built  with  EPFL 
funds  in  which  benchmark  data  will  be 
taken  in  a  1.5x0. 4  m^ ,  S-bend  test  sec¬ 
tion  to  develop  and  validate  various 
three-dimensional  boundary  layer  codes 
and  instrumentation.  This  work  is  being 
done  in  conjunction  with  the  Euroexpt 
working  group  on  three-dimensional  bound¬ 
ary  layers. 

Fluid  Mechanics  Research 

In  1981,  using  the  laboratory's 
0.76x0.12  m^  low-turbulence  wind  tun¬ 
nel,  Ryhming  conducted  one  of  the  first 
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Figure  2.  Annular  cascade  facility. 


European  experiments  on  boundary  layer 
manipulation  as  a  mechanism  for  drag  re¬ 
duction.  Although  the  facility  is  not 
capable  of  producing  conditions  approach¬ 
ing  either  ship  or  aircraft  applications 
(3xio^/m  being  the  maximum  Reynolds  num¬ 
ber  obtainable) ,  the  data  collected  thus 
far  has  provided  insight  into  the  under¬ 
standing  of  such  devices.  Recent  work  in 
this  area  wa.s  reported  at  last  year's 
meeting  on  turbulent  drag  reduction  in 
Lausanne  {ESN  41-2:87-91  11987]). 

Although  not  undej.  Ryhming's  direc¬ 
tion,  the  new  campus  is  also  the  site  of 
the  Laboratoire  de  Thermique  Appliquee  et 
de  Turbomachines  where  gas  turbine  re¬ 
search  is  being  conducted  under  the  di¬ 
rection  of  Professor  Albin  Boles.  Their 
principal  facility  is  a  new  (1983)  an¬ 
nular  cascade  facility  for  studying 
steady  and  unsteady  transonic  flows  in 
both  ‘■urbines  and  compressors  (see  Fig¬ 
ure  2).  For  flutter  testing,  each  of  the 
20  blades  of  the  400-mm-diameter  cascade 


laborators  attest  to  his  skills  in  re¬ 
search  and  scientific  management.  His 
connections  with  the  US  fluid  mechanics 
community  through  his  work  experience  and 
his  exposure  to  the  US  Navy's  needs  ob¬ 
tained  from  his  recent  visits  to  Navy 
facilities  and  contractors  through  ONRL's 
Visiting  Scientist  Program  make  him  and 
his  laboratory  excellent  prospects  for 
future  Navy  research  collaborations. 


E.F.  Brown 

Virginia  Polytechnic  Institute  and 
State  University 
George  S.  Dulikravich 
Pennsylvania  State  University 
8/26/8? 


OCEANOGRAPHY:  INSTITUT  FRANCAIS  DE  RE- 
CHERCHE  POUR  L ’ EXPLOITATION  DES  MERS 
(IFREMER) 

The  French  oceanographic  agency,  In- 
stitut  Francais  de  Recherche  pour  1' Ex¬ 
ploitation  des  Mers  (IFREMER) ,  has  a 
total  of  five  major  facilities  in  France, 
including  its  headquarters  in  Paris,  but 
the  largest — the  one  I  visited — is  lo¬ 
cated  on  the  coast  of  Brittany  near 
Brest.  The  Brest  laboratory  (Centre  de 
Brest)  has  a  total  staff  of  about  650 
people  working  in  the  areas  of  ocean  sci¬ 
ences;  technological  research,  develop¬ 
ment,  and  testing;  instrumentation;  and 
data  processing.  It  has  facilities  for 
all  these  purposes.  The  instrumentation 
calibration  capability  for  the  calibra¬ 
tion  of  salinity,  temperature,  pressure, 
and  water  flow  sensors  is  of  high  qual¬ 
ity,  so  that  Brest  is  the  French  center 
for  oceanographic  instrumentation  stand¬ 
ardization.  Also  available  are  a  number 
of  high-pressure  test  tanks  including  a 
2500-bar  tank,  a  1000-bar  tank,  and  a 
number  of  lesser  capability  chambers. 
These  are  used  to  examine  corrosion  under 
pressure  and  the  fatigue  effects  of  pres¬ 
sure  cycles,  among  other  things. 


can  be  independently  driven  in  both  bend¬ 
ing  and  torsion  at  selected  levels  of  Other  Major  IFREMER  Facilities 
frequency,  amplitude,  and  interblade  In  contrast  to  the  Brest  facility 

phase  angle.  The  flow  diagnostics  in-  are  the  labs  at  Boulogne-sur-mer  and 

elude  two  traversing  pressure  probes,  Nantes  that  highlight  mariculture  and 

pressure  taps,  and  a  high-speed  cylindri-  fisheries  and  the  Toulon  center  where 

cal  schlieren  system.  work  in  underwater  operations  and  deep- 

sea  technology  is  carried  out.  There  is 


Conclusion 


also  a  marine  center  in  Tahiti  where 


The  cavitation  and  three-dimensional 
boundary  layer  studies  being  conducted  at 
EPFL  are  relevant  to  many  of  the  Navy's 
research  programs.  Ryhming  has  excellent 
facilites,  and  the  number  and  quality  of 
his  publications  and  those  of  his  col¬ 


fisheries  and  aquaculture  techniques  are 
being  studied,  along  with  ocean  thermal 
energy  conversion  (OTEC)  methodologies. 
In  addition  to  these  land-based  facili¬ 
ties,  IFREMER  operates  a  fleet  of  12  sur¬ 
face  research  vessels,  six  of  which  are 
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large  enough  for  extended  ocean  cruises; 
two  manned  deep-sea  (3000  and  6000  me¬ 
ters)  submersibles ;  and  one  6000-meter 
unmanned  submersible. 

IFREMER  Programs 

Major  IFREMER  programs  fall  into 
three  general  categories:  industrial  re¬ 
search  and  development,  living  resources, 
and  environmental  and  ocean  research.  In¬ 
dustrial  R&D  includes  undersea  technol¬ 
ogy,  ocean  floor  mining  studies,  OTEC, 
and  marine  engineering  and  architecture. 
Wor)c  within  the  general  area  of  living 
resources  is  concerned  with  the  develop¬ 
ment  of  fishery  and  fish  processing  meth¬ 
ods,  fishery  management  (both  from  the 
economic  and  fish  population  points  of 
view),  mariculture,  and  sanitary  control. 
Geophysics,  geology,  geochemistry,  phys¬ 
ical  oceanography,  coastal  zone  manage¬ 
ment,  and  deep-sea  ecology  are  all  con¬ 
sidered  to  fall  within  the  confines  of 
environmental  and  ocean  research. 

Centre  de  Meteorologie  Marine  at  Brest 

Also  located  at  IFREMER-Brest  is  the 
Centre  de  Meteorologie  Marine  (CMM) ,  a 
branch  of  the  French  Meteorological  Of¬ 
fice.  A  staff  of  10  meteorologists  occupy 
about  3000  square  feet  of  office  and  lab 
space  and  are  primarily  concerned  with 
acquiring  and  interpreting  marine  meteor¬ 
ological  data.  Consequently,  t'.f  y  are 
heavily  involved  with  ocean  buoys.  Both 
drifting  and  fixed  buoys  are  used,  not 
only  for  synoptic  data  but  also  to  supply 
"sea  truth"  for  various  satellites.  Typ¬ 
ically,  atmospheric  pressure  is  the  most 
common  parameter  measured,  but  wind  speed 
and  direction,  air  and  surface  water 
tempe:.  ature ,  and  water  temperature  pro¬ 
file  can  also  be  obtained.  Some  R&D  on 
future  buoys  and  their  instrument  suites 
is  in  progress. 

COB:  Physical  Oceanography  Division 

The  Physical  Oceanography  Division 
numbers  about  30,  of  whom  10  are  profes¬ 
sionals  and  the  rest  are  support  person¬ 
nel.  Their  wor)t  includes  projects  in 
acoustic  tomography,  circulation  studies, 
numerical  modeling,  marine  chemistry, 
coastal  and  bottom  processes,  the  use  of 
SPOT  images  in  coastal  regions  coupled 
with  "sea  truth"  studies,  and  a  study  of 
the  mixed  layer.  I  spoJte  with  Yves 
Desaubies,  who  described  some  of  these 
programs  to  me.  He  heads  up  the  acoustic 
tomography  group  at  Brest,  and  is  active¬ 
ly  cooperating  with  a  similar  group  at 
Woods  Hole  Oceanographic  Institute  (Mas- 
sach  isetts) .  The  Brest  group  tested  a 
new  vomographic  instrumentation  suite  in 
the  Mediterranean  last  spring,  and  they 
plan  another  test  off  the  coast  of  Portu¬ 
gal  at  the  end  of  the  summer  with  three 


new  related  instruments.  A  number  of  mod¬ 
eling  and  simulation  studies  are  proceed¬ 
ing  in  cc'junction  with  these  field  stud¬ 
ies  to  more  accurately  specify  instrument 
parameters  such  as  placement,  geometry, 
configuration,  sensitivity,  density,  etc. 
A  large  experiment,  in  conjunction  with  a 
number  of  American  groups,  is  planned  for 
the  fall  of  1988  when  it  is  hoped  that  a 
series  of  new  instruments  can  be  used  in 
the  Gulf  Stream  region. 

Other  projects  in  physical  oceano¬ 
graphy  include  a  cooperative  project  with 
the  University  of  Kiel  (West  Germany)  in 
which  an  attempt  is  being  made  to  assess 
the  bottom  topographical  effect  of  the 
Mid-Atlantic  Ridge  on  North  Atlantic  re¬ 
sidual  currents.  In  conjunction  with  the 
National  Center  for  Atmospheric  Research 
(Boulder,  Colorado)  a  numerical  model, 
consisting  of  both  coarse  and  finer  nest¬ 
ed  components,  is  being  developed  for  use 
in  the  forthcoming  World  Ocean  Circula¬ 
tion  Experiment.  WorJcing  with  the  CMM, 
mentioned  above,  buoys  are  being  devel¬ 
oped  to  aid  in  calibration  of  the  ERS-1 
wind  sensor,  and  then  later  to  supply 
"sea  truth"  as  the  satellite  becomes  op¬ 
erational.  Lastly,  the  surface  mixed 
layer  is  being  studied  to  develop  a  rela¬ 
tionship  between  sea-surface  temperature 
and  hydrodynamic  phenomena.  Field  data 
are  being  obtained  by  the  use  of  drifting 
buoys. 

Conclusion 

The  IFREMER  facility  at  Brest  is  the 
largest  marine-oriented  laboratory  in 
France.  It  is  well  equipped  and  well 
staffed,  and  the  wor)c  being  done  there  is 
innovative  and  of  high  quality.  However, 
as  indicated  in  its  name,  the  objective 
of  the  Brest  laboratory  is  to  perform 
research  directed  toward  increasing  the 
exploitation  of  the  oceans.  Consequently, 
the  wor)c  done  here  is  applications  ori¬ 
ented,  as  evidenced  by  the  fact  that  the 
scientific  staff  (the  staff  occupied  in 
basic  oceanic  research)  numbers  only  five 
percent  of  the  total.  This  scientific 
effort,  while  certainly  respectable,  is 
generally  not  unique  and  most  of  it  is 
being  performed  in  conjunction  with  other 
groups,  mainly  American.  It  would  seem 
that  science  plays  more  of  a  support  role 
at  Brest,  while  the  major  French  effort 
in  marine  science  is  centered  in  Ville- 
f ranche-sur-mer  near  Nice  where  the  CNRS 
Laboratory  de  Physique  et  Chimie  Marines 
is  located.  A  description  of  a  visit  to 
this  laboratory  appeared  in  the  first 
issue  of  the  European  Saienae  Notes  In¬ 
formation  Bulletin  (ESNIB  87-01:45-47 
[1987] )  . 

Jerome  yilliams 
9/25/87 
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Nr:W  INTERNATIONAL  ADVANCED  MULTIDISCIPLI- 
N-ARY  THEORETICAL  STUDY-INSTITUTE  ANNOUNC- 

RD 

Formation  of  the  International  In¬ 
st  ito.te  for  Advanced  Scientific  Studies 
1 1  IASS)  has  been  recently  announced  in 
N'aclfS  (Italy).  Its  director  is  Professor 
F.R.  Caianiello  (Salerno  University),  and 

•  r.t'  Scientific  Council  consists  of  13 
well-known  theoretical  physicists,  in- 

•  Iodine:  two  Nobel  laureates.  The  es- 
.ti.tial  purpose  of  the  institute  is  the 
oncjtion  of  a  center  in  the  south  of 
It.ily  that  assumes  the  same  role  and 
iu:.ctions--international  forum  for  in¬ 
i'  idi  sciplanary  exchanges,  and  tutorial- 
■-  iuoaticnal  facilities  for  developing 

■  1  ies--as  the  well-)cnown  Interna- 

‘icr;.-.  1  Center  for  Theoretical  Physics, 
rri'-'.'ite,  in  the  north  of  the  country. 
II.ASS  plans  to  place  major  emphasis  on 
iht  rollowing  areas: 

•  -Nonlinear  phenomena  with  focus  on  par¬ 
allel  computing  and  solitons 

•  ..'yber  netics  and  Artificial  Intelli- 
.■:en.co--especially  in  robotics,  sensors 
-i.nrl  their  coordination,  image  analy¬ 
sis,  neural  networics,  human-machine 
i.nter faces,  teaching  machines. 

Apart  from  coordinating  research, 
coir.s-os,  seminars,  meetings,  and  worlt- 
.-.'.op.s  will  also  be  organized  by  IIASS. 

Apparently,  interest  from  oversea, 
:.is  beer,  expressed  by  the  Commission  of 
I  nciependent  Colleges  and  Universities 
r.'.S)  ,  and  the  International  Center  for 
Physics,  Bogota. 

H.nquires  may  be  directed  to  IIASS, 
'.'la  Vittoria  Colonna  14,  1-80121  Napoli, 

Italy. 


STRUCTURAL  EFFECTS  IN  AMORPHOUS  FERRO- 
.XAGNETS--AN  ONRL-SUPPCRTED  CONFERENCE 

SESSION 

From  25  to  29  May  1987  the  Autono- 
.••I'jus  University  of  Madrid  and  the  Spanish 
Research  Council  conducted  a  highly  topi- 
■j  ;  Symposium  on  Magnetic  Properties  of 
Arorphou.s  Metals.  The  meeting,  attended 
oy  both  European  and  American  scientists, 
took  place  in  a  conference  center  near 
•Malaga.  While  a  number  of  American  par¬ 
ti'- 1  f-'ar.t.s  received  US  Navy  support  from 
t;.'  Naval  Surface  Weapons  Center,  the 

I.ond'jr.  Branch  Office  of  ONR  undertoolt 
the  support  of  four  European  scientists. 


whose  tallts  constituted  a  special  session 
entitled  Structural  Effects  in  Amorphous 
Ferromagnets .  Following  are  the  high¬ 
lights  of  these  four  tal)cs — abstracts  of 
the  entire  Symposium  may  be  requested 
from  Dr.  H.  Savage,  Code  115,  NSWC,  White 
Oa)c,  Maryland  20903-5000. 

J.A.  Leake  (University  of  Cambridge, 
UK)  pointed  out  that  magnetic  properties 
can  be  particularly  sensitive  indicators 
of  the  state  of  relaxation  of  amorphous 
metals.  He  then  presented  a  review  of 
the  principal  experimental  results,  with 
emphasis  on  magnetic  properties  such  as 
coercive  field.  Curie  temperature,  mag¬ 
netostriction,  and  field-induced  anisot¬ 
ropy.  Care  was  taJten  to  distinguish  be¬ 
tween  reversible  and  irreversible  struc¬ 
tural  relaxation  and  stress  relaxation. 
Leaice  showed  that  the  correlation  between 
the  Jtinetics  of  change  of  different  prop¬ 
erties  provides  useful  additional  infor¬ 
mation  about  the  nature  of  the  relaxa¬ 
tion  processes,  as  do  variations  between 
glasses  of  related  compositions.  Subse¬ 
quently,  he  outlined  the  various  theoret¬ 
ical  models  that  have  been  advanced  to 
explain  these  observations,  and  empha¬ 
sized  that  the  Activation  Energy  Spectrum 
Model  is  particularly  useful.  Separate, 
broad  Gaussian  spectra  are  needed  for  the 
reversible  and  irreversible  processes. 
Finally,  Lea)ce  presented  descriptions  of 
possible  atomic  rearrangements,  and  re¬ 
lated  thes'=  to  activation  energy  spec¬ 
tra. 

Laboratory-scale  production  of  soft- 
magnetic  wide  amorphous  tapes  formed  the 
topic  of  the  talJt  by  A.R.  Yavari  (Nation¬ 
al  Polytechnic  of  Grenoble,  Saint  Martin 
d'  Heres,  France) .  He  reminded  the  audi¬ 
ence  that  while  metallic  glasses  can  be 
obtained  by  a  variety  of  techniques,  rap¬ 
id  solidification  via  liquid  quenching 
remains  the  most  convenient  and  versatile 
procedure  for  producing  alloys  which  form 
glasses  easily,  including  soft-magnetic 
Fe-B  type  amorphous  alloys.  Unfortunate¬ 
ly,  melt-spinning,  splat-quenching,  and 
other  varieties  of  liquid-quenching  tech¬ 
niques  produce  small  quantities  of  glassy 
alloys  or,  at  best,  narrow  continuous 
ribbons.  But  a  recently  invented  pro¬ 
cedure  )cnown  as  planar-flow-casting  (PFC) 
allows  the  preparation  of  wide  amorphous 
tapes  directly  from  the  liquid  state. 
Yavari  explained  in  detail  how  PFC  can  be 
performed  efficiently  on  a  laboratory 
scale.  Next  he  showed  how,  depending  on 
the  choice  of  experimental  parameters, 
the  thic)cness  of  the  tape  product  can  be 
controlled  and  how  for  most  Fe-B  alloys 
these  conditions  must  be  chosen  not  only 
to  avoid  critical  thieJeness  of  the  onset 
of  crystallization,  but  also  thieJeness 
limits  beyond  which  the  as-quenched  rib¬ 
bon  is  brittle.  All  mechanical  aspects 
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and  experimental  conditions  that  deter¬ 
mine  quench-rate  have  an  effect  on  both 
the  as-quenched  state  of  the  soft- 
magnetic  properties  and  on  the  extent  to 
which  they  can  be  improved  with  proc¬ 
essing  and  relaxation  annealing. 

F.  Vinai  (National  Electrotechnical 
Institut,  Torino,  Italy)  described  coop¬ 
erative  research  regarding  losses,  after¬ 
effects,  and  disaccommodation  in  amor¬ 
phous  ferromagnetic  alloys.  He  commenced 
by  observing  that  in  metallic  glasses 
different  macroscopic  parameters  are  af¬ 
fected  by  the  intrinsic  metastability  of 
the  amorphous  lattice.  He  then  showed 
that,  specifically,  the  permeability 
aftereffect  is  a  reversible  relaxation  of 
the  magnetic  permeability,  strictly  con¬ 
nected  with  the  structural  properties  of 
the  amorphous  alloys.  The  permeability 
relaxation  changes  in  a  similar  way 
either  by  modifying  the  stresses  frozen 
in  the  material  during  the  solidification 
process  by  thermal  treatments,  or  by  ap¬ 
plying  suitable  tensile  stresses.  Vinai 
told  the  meeting  that  by  extending  the 
time  interval  in  which  the  aftereffect 
can  be  measured  down  to  very  short  times 
after  impulsive  demagnetization,  one 
finds  a  new  relaxation  effect  of  the  mag¬ 
netic  permeability.  This  phenomenon  is 
related  to  rearrangement  of  the  domain 
wall  structure  subsequent  to  the  impul¬ 
sive  demagnetization.  This  process  of 
relaxation  is  due  to  a  variation  with 
time  of  the  energy  dissipation  of  the 
system  connected  to  a  change  of  the  num¬ 
ber  of  active  walls,  or  to  bowing  ef¬ 
fects.  On  the  other  hand,  it  is  possible 
to  show  the  existence  at  short  times  of  a 
tail  of  the  diffusional  aftereffect, 
probably  connected  to  the  same  processes 
which  are  responsible  for  the  permeabil¬ 
ity  relaxation  usually  measured  at  longer 
times  after  demagnetization.  The  prelim¬ 
inary  analysis  of  this  phenomenon  sug¬ 
gests  the  existence  of  correlations  be¬ 
tween  defects  giving  rise  to  the  permea¬ 
bility  aftereffect,  Vinai  concluded. 

The  fourth  tal)t,  given  by  G.  Herzer 
( Vacuumschmelze  GmbH,  Hanau,  West  Ger¬ 
many)  ,  fitted  somewhat  loosely  into  the 
proceedings.  He  discussed  industrial 
applications  of  metallic  glass  ribbons. 
Herzer  explained  that  candidates  for  ap¬ 
plications  are,  first  of  all,  Fe-rich 
magnetic  alleys  which  exhibit  the  highest 
saturation  flux  densities  among  the  amor- 
phr.us  metals  and  are  based  on  inexpensive 
raw  materials  such  as  Fe ,  Si,  B,  and  C. 
The  Co-based  metallic  glasses,  on  the 
other  hand,  are  distinguished  by  their 
low  or  vanishing  magnetostriction,  lead¬ 
ing  to  extremely  high  permeabilities  and 
very  low  magnetic  losses.  Herzer  then 
gave  a  survey  of  major  current  applica- 
ti jns  of  ferromagnetic  metallic  glass 


ribbons  in  the  electronics  industry.  In 
particular,  he  discussed  the  following 
topics:  magnetic  cores  with  low  losses 
and  specifically  designed  hysteresis 
loops  for  inductive  components  in 
switched-mode  power  supplies  or  in  mag¬ 
netic  switches  for  pulse  compression  in 
power  sources;  magnetic  heads  for  audio 
and  video  recorders;  flexible  magnetic 
shieldings;  robust  and  reliable  magneto¬ 
meters;  and  sensitive  displacement  or 
torque  transducers. 


Vaul  P.orrar. 
9/17/8'’ 


ONR-LONDON  HAS  SPONSORED  A  CONFERENCE 
SESSION  ON  UNUSUAL  APPLICATIONS  OF  AD- 
VANCED  MOLECULAR  SPECTROSCOPY 

A  NATO-Advanced  Study  Institute 
(NATO-ASI)  meeting  on  Frontiers  of  Laser 
Spectroscopy  of  Gases  was  held  at  Vimeiro 
(Torres  Vedras),  Portugal,  30  March  to  10 
April  1987.  The  codirectors  of  the  school 
and  conference  were  Dr.  J.M.  Hollas 
(Reading  University,  UK)  and  Professor 
A.C.P.  Alves  (University  of  Coimbra,  Por¬ 
tugal)  .  The  meetings  were  attended  by 
104  participants,  including  14  lecturers. 
Most  participants  came  from  the  UK,  West 
Germany,  and  Portugal  (in  that  order) ; 
there  were  only  10  scientists  from  the 
US. 

During  a  day's  break  in  the  school's 
meetings  (April  2),  the  participants  of 
the  NATO-ASI  were  transported  to  the  an¬ 
cient  university  town  of  Coimbra,  where, 
following  a  ceremonial  session,  a  festive 
scientific  session  entitled  Unusual  Ap¬ 
plications  of  Advanced  Molecular  Spectro¬ 
scopy  took  place.  This  session,  consist¬ 
ing  of  invited  talks  only,  was  fully 
sponsored  by  the  Office  of  Naval  Research 
Branch  Office,  London.  Following  is  a 
brief  summary  of  the  talks  given  at  that 
session . 

Professor  A.  Carrington  (Oxford  Uni¬ 
versity,  UK)  presented  his  very  recent 
research  results  in  the  area  of  spectro¬ 
scopy  of  molecular  ions  and  their  dis¬ 
sociation  limits.  He  and  his  colleagues 
studied  the  vibration-rotation  spectra 
of  the  H'^ ,  HD"'’,  D|  and  the  H'^  ions  in¬ 
volving  levels  close  to  dissociation  lim¬ 
its.  Carrington  used  ion  beam  methods. 
Contrary  to  their  previous  results  on 
HD"*"  (which  determined  only  differences  in 
nuclear  hyperfine  splitting  between  the 
lower  and  upper  vibrational  levels)  ,  the 
scientists  were  now  able  to  detect  weak 
satellite  lines  which  can  yield  absolute 
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values  of  the  deuteron  hyperfine  con¬ 
stants.  Carrington  then  described  fur¬ 
ther,  current  experiments  designed  to 
detect  nuclear  hyperfine  radiofrequency 
transitions  in  HD^.  In  regard  to  the 
research,  Carrington  reported  the  discov¬ 
ery  of  an  extremely  dense  infrared  pre¬ 
dissociation  spectrum.  Proof  was  found 
of  many  highly  metastable  vibration- 
rotation  levels  embedded  in  the  cor.tin- 
uu.m.  Finally,  the  speaker  presented  a 
model  for  describing  the  Ht  molecule 
above  the  lowest  dissociation  limit. 

Professor  I.M.  Mills  (Reading  Uni¬ 
versity,  UK)  talked  about  the  interpreta¬ 
tion  of  vibrational  overtone  spectra  and 
combination  state  spectra  which  were  ob¬ 
served  by  Fourier  transform  spectroscopy 
and  also  by  laser  photoacoustic  spectro¬ 
scopy  in  polyatomic  molecules.  First, 
Mills  discussed  the  interesting  experi¬ 
mental  techniques  that  he  used.  Then  he 
reviewed  the  effects  of  bond  dissociation 
anharmonicity  in  a  diatomic  molecule. 
Next,  he  introduced  the  concept  of  "local 
modes,"  which  are  central  to  his  analy¬ 
sis.  Eventually  Mills  arrived  at  a  math¬ 
ematically  well-defined  quantum  mechan¬ 
ical  model.  He  discussed  this  model  in 
detail  for  the  case  of  two  symmetry- 
related  stretching  vibrations  (such  as  in 
H2O) .  Subsequently,  he  described  his  and 
his  colleagues  very  recent  work  on  the 
dichloromethane  molecule,  and  fits  to  the 
overtones  of  carbonyl  stretching  vibra¬ 
tions  in  metal  carbonyls.  He  concluded 
his  talk  with  comments  on  the  implica¬ 
tions  of  the  research  done  for  intramo¬ 
lecular  vibrational  relaxation  and,  more 
generally,  for  chemical  dynamics. 

The  last  talk  in  the  special  session 
was  delivered  by  Professor  Dr.  G.  Winne- 
wisser  (University  of  Cologne,  West  Ger¬ 
many),  and  it  dealt  with  a  very  unusual 
and  exciting  topic:  interstellar  masers 

and  star  formation  in  the  galaxy.  Four 
molecules  (H2O,  SiO,  CH3OH,  and  OH~) 
among  the  over  75  species  now  known  to 
exist  in  interstellar  space  exhibit 
strong  maser  action.  In  addition,  several 
others  (such  as  NH3  or  H2CO)  show  weak 
maser  action  or  at  least  have  population 
inversion.  Such  molecular  masers  can 
serve  as  important  signposts  for  star 
formation  taking  place  in  molecular 
clouds.  In  order  to  make  this  subject 
accessible  to  a  broader  audience,  Winne- 
wisser  first  presented  an  overview  of 
relevant  astrophysical  topics  (such  as 
composition  and  chemistry  of  interstellar 
clouds,  the  galactic  structure  and  the 
distribution  of  neutral  matter,  the  mass 
loss  from  evolved  stars,  and  the  general 
dynamics  of  molecular  clouds.)  This  was 
followed  by  a  careful  discussion  of  the 
maser  characteristics,  and  of  how  the  in¬ 
terstellar  masers  can  be  used  to  extract 


astrophysical  information.  Finally,  Win- 
newisser  described  hi.s  newly  developed 
model  with  which  it  is  possible  to  under¬ 
stand  details  of  the  recently  discovered 
bipolar  molecular  outflow  associated  with 
the  birth  of  young  stars. 

The  proceeding  of  the  entire  12-day 
meeting  have  been  published  in  the  famil¬ 
iar  NATO-ASI  Proceedings  Series  and  may 
be  ordered  through  the  usual  distribution 
centers . 


iatil  P.onar. 
9/: 7/87 


AN  INTERNATIONAL  OPTICS  EXHIBITION  IN  MA¬ 
DRID 

The  6th  Expo/Optica  Exhibition  and 
meeting  in  the  field  of  optical  and 
acoustical  technology,  optometry,  and 
electro-optics  was  held  in  Madrid,  Spain, 
at  the  modern  premises  of  the  Madrid 
Trade  Fair  Organization  (IFEMA)  from  24 
through  27  April  1987.  This  is  a  re¬ 
curring  Spanish  affair,  organized  by 
Spanish  industrial,  educational,  and  com¬ 
mercial  organizations  and  firms,  and,  de¬ 
spite  its  strongly  commercial  nature,  is 
also  a  scientific  channel  of  communica¬ 
tion — at  least  for  marketable  develop¬ 
ments  in  RiD.  The  organizers  take  pride 
in  pointing  out  that  "times  have  changed, 
and  today,  in  some  fields,  we  [Spanish] 
are  achieving  growth  levels  on  a  par  with 
those  of  our  neighbors  in  the  European 
Community."  I  truly  agree  with  this  self- 
assessment. 

Unfortunately,  the  talks  and  con¬ 
ferences  were  restricted  to  rather  narrow 
commercial  problems  or  product-promotion 
presentations,  so  that  I  report  only  on 
some  highlights  of  the  exposition  itself. 

There  were  over  300  stalls,  mostly 
Spanish,  but  16  foreign  countries  were 
also  represented.  The  fields  covered  (and 
neatly  grouped  in  the  exhibition  halls) 
were : 

•  Optics  and  optometry 

•  Electroacoustics  and  audiometry 

•  Optronics  and  electro-optics 

•  Technical  publications. 

The  majority  of  the  exhibits  were  in 
the  optometry  and  medical  optics  area 
(disappointing  for  me,  of  course)  and  I 
pick  now  only  a  few  representative  firms 
which,  I  believe,  have  products  or  cur¬ 
rent  developments  that  may  interest  read¬ 
ers  of  ES'IIB. 
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Bobes  S.A.,  Madrid,  demonstrated 
good  capabilities  in  night  vision  equip¬ 
ments,  especially  in  the  military  field 
of  applications.  It  also  has  high-pre¬ 
cision  lens-fabrication  technology,  and 
produces  inexpensive  but  solid  and  ver¬ 
satile  optical  teaching  equipment. 

Cualicontrol  S.A.,  Madrid,  displayed 
(among  other  lines)  fine  equipment  for 
the  microelectronics  industry  (including 
photolithography  and  UV-writing  automat¬ 
ics)  as  well  as  general  optical  equipment 
(multipurpose  microscopes,  periscopes, 
autocollimators,  optical  separators).  Op¬ 
tical  benches  and  laser  technology  acces¬ 
sories  are  also  in  their  field. 

Indo,  Barcelona,  appears  to  be  a 
fast-upcoming  firm  in  lenstechnology  and 
optometries . 

Optic's,  a  Barcelona-based  applied 
optics  development  institute  and  manufac¬ 
turer,  displayed  an  impressive  range  of 
Newton  reflector  telescopes  (the  ones 
with  highest  luminosities  and  greatest 
image-definition  had  apertures  between 
158  mm  and  255  mm.)  Automatic  trac)cing 
facilities  are  available. 

Among  the  non-Spanish  exhibitors,  I 
want  to  note,  prominently,  the  French  op¬ 
toelectronics  firm  Angenieux  (St.  Heand.) 
Infrared  (IR)  optics  and  imaging,  espe¬ 
cially  in  the  8-  to  14-um  window,  seem  to 
be  their  forte.  IR  lenses  with  diamond 
or  amorphous  carbon  coating  gave  the  firm 
high  recognition.  Fabrication  of  aspher- 
ical  elements  is  another  of  their  speci¬ 
alities.  They  also  pride  themselves  with 
having  developed  the  world's  smallest 
(visible  range)  CCD  TV-camera,  as  well  as 
the  world's  largest  IR  (8  to  13  urn)  zoom 
camera  objective. 

The  Italian  development  firm  Enea 
(Rome),  which  systematically  transfers 
its  research  results  to  Contek  s.r.l.  (at 
Varallo  Sesia) ,  displayed  a  number  of 
fascinating  optical  systems.  To  me,  the 
most  interesting  ones  were:  beam  shape 
correctors,  double-reflection  beam  col¬ 
limators,  beam  integrators  (convex  beam 
dissector  plus  concave  focusing  reflec¬ 
tor)  ,  wire  polarizers,  and  LIDAR  tele¬ 
scopes.  (They  were  quite  reticent  about 
the  latter,  and  displayed  only  a  brief 
poster . ) 

Not  unexpectedly,  several  Japanese 
firms  also  made  their  appearance,  via 
various  European  representatives.  Hamam¬ 
atsu  Photonics  K.K.  lead  the  field.  Their 
beautiful  and  substantial  "product  guide" 
booklet  boasts  that  it  introduces  "the 
world's  most  complete  line  of  photonic 
devices  and  systems."  I  did  indeed  find 
products  from  all  areas  of  optoelec¬ 
tronics;  but  my  main  interest  converged 
on  streak  cameras  for  GHz  phenomena, 
and  on  equipment  for  waveform  measure¬ 
ment  over  30  GHz.  However,  closer  ques¬ 


tioning  did  not  yield  much  specific  in¬ 
formation  . 

I  have  documents  of  most  of  the  de¬ 
scribed  products,  as  well  as  a  catalog  of 
the  entire  exhibition,  and  would  be  glad 
to  share  these  with  colleagues,  provided 
their  queries  are  sufficiently  specific. 

In  sununary,  I  should  say  that  at¬ 
tending  the  show  proved  useful  (since  I 
was  in  Madrid  in  any  case)  but  I  would 
not  recommend  specific  trips  to  future 
repeat-exhibitions . 


Paul  Roman 
4/1S/87 


UK  ESTABLISHES  JOINT  C  4MITTEE  TO  SUPPORT 
DEVELOPMENTS  IN  SUPERCONDUCTIVITY 

The  UK's  Department  of  Trade  and  In¬ 
dustry  (DTI)  and  the  Science  and  Engi¬ 
neering  Research  Council  (SERC) ,  formed  a 
joint  committee  in  October  1987  to  co¬ 
ordinate  support  for  developments  in  su¬ 
perconductivity  . 

Chaired  by  Sir  Martin  Wood  (Oxford 
Instruments) ,  the  committee  will  include 
representatives  from  industry,  academia, 
and  government,  and  will  have  responsi¬ 
bility  for  advising  both  SERC  and  DTI  on 
national  research  and  development  priori¬ 
ties  in  an  effort  to  boost  the  UK  effort. 

Both  DTI  and  SERC  have  supported  re¬ 
search  and  development  in  conventional 
superconducting  technology  for  many 
years,  although  recent  developments  have 
led  to  a  reexamination  of  needs  in  this 
area.  The  potential  advantages  of  super¬ 
conducting  materials  at  room  temperature 
are,  of  course,  enormous,  and  one  of  the 
first  tasks,  therefore,  will  be  to  help 
select  the  location  of  the  University 
Research  Center  for  Superconductivity. 
The  committee  will  also  assess  national 
education  and  training  needs. 

In  order  to  further  encourage  in¬ 
dustrial/academic  collaboration  and  keep 
in  close  touch  with  developments  abroad, 
the  DTI  and  SERC  have  appointed  Dr.  Ian 
Corbett  as  the  UK's  Joint  Coordinator  for 
Superconductivity.  He  is  Head  of  the 
Applied  Science  Division  at  the  SERC 
Rutherford  Appleton  Laboratory,  and  part 
of  his  role  will  be  to  ensure  that  in¬ 
dustry  and  academia  are  well  informed 
about  the  policies  of  the  national  com¬ 
mittee  for  superconductivity. 


C.J.  Fox 
10/21/87 
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ONRL  COSPONSORED  CONFERENCES 


ONR,  London,  can  nominate  two  DOD 
employees  for  registration-free  partici¬ 
pants  in  the  conferences  ONRL  supports. 
Readers  who  are  DOD  employees  and  are 
interested  in  a  free  registration  to  one 
of  these  conferences  should  write  to  the 


I 
( 

Scientific  Director,  ONRL,  Box  39,  FPO  ' 

New  York  09510.  ] 

Assembly  and  Dynamics  of  the  Cyto-  j 

matrix,  Maria  Aim,  Austria,  March  1988. 

Second  Conference  on  Hyperbolic 
Problems,  Aachen,  West  Germany,  March 
1988. 

Structure  and  Function  of  the  Cyto- 
skeleton,  Lyon,  France,  April  1988. 


*  *  * 


ONRL  REPORTS 

To  request  reports,  indicate  the  report  number  (in  parentheses  after  the  title 
and  author's  name)  on  the  self-addressed  mailer  and  return  it  to  ONR,  London. 


Behavioral  Sciences 

The  Tir'd  International  Applied  Military  Psyahotogy  Symposium ,  by  William  D. 
Crano.  (7-033-C)  Selected  presentations  given  at  this  meeting  held  in  June  1987  at 
Lisbon,  Portugal,  are  summarized.  Topics  under  which  they  are  presented  are:  the 
relevance  of  psychology  to  the  military;  factors  that  affect  retention  of  military 
manpower;  stress  and  reactions  to  extreme  conditions;  selection;  organizational  de¬ 
velopment;  and  technology  and  technology  transfer. 

Biological  Sciences 

Conference  on  Surfaces  of  Biomaterials  Biotechnology--Biointeractione  '87,  by 
Claire  E.  2omzely-Neurath.  (7-032-C)  Presentations  given  at  this  conference,  held 
in  July  1987  in  Cambridge,  UK,  are  discussed.  The  conference  was  focused  on  the  ways 
in  which  biotechnological  products  and  man-made  materials  interact  physically  and 
chemically  with  biological  environments.  Topics  of  the  programs  were:  cell/polyroer 
interactions,  blood/surface  interactions,  innovations-monoclonal  antibodies  and  bio¬ 
sensors,  biocompatibility,  bioadhesions,  and  drug  delivery  systems. 

Material  Sciences 

A  Joint  UK-West  German  Meeting  Discusses  Advanced  Engineering  Ceramics ,  by  Louis 
Cartz.  (7-029-C)  Silicon  nitride  ceramic  properties  discussed  at  this  meeting  in 
April  1987  included  sintering  in  the  presence  of  silicon  oxynitride  glass,  gas  pres¬ 
sure  sintering,  oxidation  problems,  and  reactions  with  silicon  carbide.  Silicon  oxy¬ 
nitride  glasses  are  shown  to  be  inherently  transparent. 

Assessment  of  Electroceramic  Research  in  Europe  and  the  Middle  East,  by  Robert 
W.  Vest.  (7-028-R)  European/Middle  Eastern  research  in  microelectronics  is  dis¬ 
cussed  under  four  topic  areas:  dielectronics,  sensors,  hybrid  microelectronics,  and 
non-conventional  processing. 

Second  RATO  Workshop  on  Passive  Infrared  Optical  Materials  and  Coatings,  by 
Robert  W.  Schwartz,  (7-031-C)  Discussion  of  the  presentations  given  at  this  work¬ 
shop  is  organized  under  the  following  topics:  bulk  materials — windows,  bulk 
materials — internal  components,  bulk  materials  characterization,  hard  coatings,  anti¬ 
reflection  coatings,  and  characterization  of  coatings. 

Mechanics 

European  Reacting  Flow  Research:  A  Final  Assessment ,  by  Eugene  F.  Brown.  (7- 
027-R)  The  author  provides  a  sampling  of  combination  research  activities  in  Europe, 
with  emphasis  on  the  work  in  France,  West  Germany,  and  the  UK.  He  states  that  there 
is  a  great  deal  of  diversity  in  the  projects,  and  in  most  cases  there  is  strong  in¬ 
dustrial  support.  He  also  reports  on  the  important  new  European  initiatives — the 
European  Communities  Combustion  Research  Program  and  the  European  Center  on  Flow, 
Turbulence,  and  Combustion  Simulation. 
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r?:t3  .V.-ir.’  Adviacry  Group  for  Aeroepooc  -esoaroh  -iKd  G  eve !  rpneK  t  ,  by  CDR 

Dennis  R.  Sadowski .  (7-025-C)  The  AGARD  origin,  mission,  organization,  and  list  of 

AGARD  Panels  is  presented  in  this  brief  summary  of  an  important  aerospace  advisory 
body . 

1  r s  /_•'  the  ?0th  Flight  Mechanic's  Panel  Fynpcsiun  on  Flight  Vehicle  Pe- 
: -t;  >:  *  .'•’’"e  -end  Cost  reduction ,  by  CDR  Dennis  R.  Sadowski.  (7-026-C)  Selected 

presentations  given  at  this  meeting,  held  in  May  1987  in  Toulouse,  France,  are  re¬ 
viewed.  Topics  of  the  papers  include  cost  estimating,  use  of  CAE-CAD-CAM,  prototype 
manufacturing,  and  computer-integrated  manufacturing. 

donference  on  Industrial  and  Applied  Me:  t.he’~at  i 's ,  by  Eugene  F. 
Brown.  (7-030-C)  This  conference,  held  in  July  1987  in  Paris,  France,  gave  clear 
evidence  of  the  contribution  of  applied  mathematics  to  the  field  of  computational 
fluid  mechanics,  particularly  in  the  fields  of  discrete  vortex  methods,  multigrid 
:i;ethods,  and  lattice  gas  hydrodrynamics .  Selected  presentations  are  reviewed. 


OVERSEAS  TRAVELERS 

Notes  on  trip  reports  to  locations  in  Europe  and  the  Middle  East  which  have  been 
received  by  ONRL  are  reported  below.  For  details,  contact  the  traveler  directly. 

Astronomy 

dr  f.'e  lev :  ir.  Pules  Aarons,  Fesearah  Professor,  Department  of  Astronomy ,  Boston 
'niversity,  Poston,  Massachusetts  OOSSPi. 

Dr.  Aarons  attended  the  AGARD  Electromagnetic  Wave  Propagation  Panel  Symposium 
on  Scattering  and  Propagation  in  Random  Media,  which  was  held  in  May  1987  at  the 
Italian  Air  Force  Base  in  Lago  di  Bracciano,  Italy.  Aarons  delivered  a  paper  on 
studies  being  performed  under  ONR  support.  The  title  of  the  paper,  coauthored  with 
A.S.  Rogers  of  the  British  Antarctic  Survey,  was  "Magnetic  Stems  Effects  on  F  Layer 
Irregularities  Near  the  Auroral  Oval." 

Of  the  other  papers  given  at  the  symposium,  many  were  concerned  with  scattering 
from  objects  and  scattering  in  the  lower  atmosphere.  However,  several  sessions  were 
concerned  with  recent  results  in  ionospheric  scattering. 

The  paper  by  Professor  A.  Hewish  of  Cambridge  University,  a  Nobel  Prize  winner, 
was,  i  r.  e.ssence,  the  presentation  of  pilot  studies  for  a  larger  program,  the  concept 
if  which  is  to  use  the  powerful  astronomical  technique  and  equipment  of  radio  as¬ 
tronomy  interferometry  that  is  already  in  place  at  Cambridge  University  to  determine 
the  parameters  of  the  solar  wind. 

Aarons  also  visited  Cambridge,  in  the  UK,  for  a  working  session  with  the  people 
at  the  British  Antarctic  Survey.  While  in  Cambridge,  he  talked  with  Professor  Hewish, 
who  is  of  the  opinion  that  the  sources  of  both  magnetic  storms  and  proton  events  are 
coronal  holvs.  Aarons  says  that  this  is  disputed  by  many,  and  therefore  Hewish's 
concepts  are  often  the  subject  of  vigorous  debate;  he  also  said  that  these  ideas  and 
semrees  should  not  mask  the  potential  of  the  propos€>d  program  for  continuous  observa¬ 
tions  C'f  the  .soiir  wind.  Hewish  has  obtained  support  for  the  program  both  from  the 
"V  and  NOAA. 


Archer,  Professor  of 
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Dr  .  Archer  a'^tended  the  Seventh  International  Symposium  on  the  Photochemistry 
^hotophy  s  ic.s  of  Coordination  Compounds,  held  in  April  1987  at  Schloss  Elmau,  West 


The  report  comprises  a  brief  survey  of  the  presentations,  which  ranged  in  the 
:  .seession,  '.'c>r  example,  from  a  paper  on  a  study  of  a  series  of  orthometa  1  lated 
ids  with  a  series  of  platinum  metal  ions  to  Dr.  Archer's  own  study  of  the  extreme 
ition  sensitivity  of  heavy  metal  chelate  polymers  for  potential  use  as  aamma  or 
iron  b^am  iC  chip)  lithographic  resists. 

The  seoo.nd  session  featured  results  with  organometa 1 1 ic  photochemistry,  and  the 
!  .ses.sion  beaan  with  several  elaborate  studies  of  ruthenium  (II)  diimine  photo- 
ics  and  chemistry.  The  final  day  was  made  up  of  contributions  on  miscellaneous 
Its  of  the  photochemistry  and  photophysics  of  coordination  compounds. 
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Archer  reports  that,  overall,  the  feeling  at  the  meeting  was  one  of  excitement 
over  new  advances  in  both  theory  and  in  practical  applications,  and  with  general 
agreement  that  only  the  "tip  of  the  iceberg"  has  been  uncovered  in  this  field  to 
date.  Details  of  the  conference  will  be  published  later  this  year  by  Springer  Verlag. 

r:”;;?'  c.  I'tKae:'.,  £nevgetic3  y.atevials  Pivision,  Haval  .'ur^'a-r 

rc  :  c  ^  v ,  V :  '  r  P  4  4  8  -  S  OC  0 . 

Dr.  Dengel's  purposes  for  visiting  West  Germany  in  early  July  1987  were:  (1)  to 
discuss  cooperative  efforts  in  the  area  of  numerical  analysis  of  underwater  explo¬ 
sions  and  underwater  warhead  technology  at  lABG/TFF,  Ottobrunn;  (2)  to  discuss  twin- 
screw  processing  of  exp los ives /propel lants  at  Werner  Pfleiderer,  Stuttgart;  (3)  to 
discuss  a  draft  DEA  on  underwater  explosions  and  underwater  warhead  technology  at  the 
West  German  Ministry  of  Defense,  Bonn;  (4)  to  present  a  paper  at  the  18th  Interna¬ 
tional  Conference  of  ICT,  Karlsruhe;  and  (5)  to  observe  continuous  processing  of 
double-base  propellants  at  Dynamit  Nobel,  Burbach-Wurgendor f . 

Der.gel  presented  a  paper  entitled  "Eutropy  and  the  Homogeneity  of  Solid  Mix¬ 
tures"  at  the  ICT  conference.  ICT,  an  Institute  of  the  Frauenhofer  Gese 1 Ischa f t ,  is 
concerned  with  the  chemical  technology  of  high  explosives,  propellants,  and  pyro¬ 
technics.  It  organizes  annual  conferences  regarding  the  technology  of  energetic  ma¬ 
terials.  The  theme  of  this  18th  conference  was  the  manufacturing  and  processing  of 
energetic  materials.  The  conference  was  attended  by  about  440  people  from  25  coun¬ 
tries.  The  presentations  are  published  in  the  conference  proceedings,  which  were 
available  at  the  meeting. 

Electronics 

I."  I.  Hughes  aKC  Dr.  U.  E.  Carlos,  both  of  Code  6818,  Flectron- 
'h':  ' '  r  Haval  research  laboratory,  Washington,  DC  80386-8000. 

Hughes  and  Carlos  attended  the  International  Conference  on  the  Physics  and  Tech¬ 
nology  of  Amorphous  SiOj  held  from  29  June-3  July  1987  at  Les  Arcs,  France.  The  con¬ 
ference  was  attended  by  92  scientists  from  15  countries  with  the  majority  from  West¬ 
ern  Europe  and  smaller  delegations  from  Eastern  Europe,  the  US,  Japan,  and  Israel. 

The  diverse  interests  of  the  participants  are  shown  by  the  fact  that  the  topics 
ranged  from  crystallography  to  the  effects  of  irradiation  on  semiconductor  devices. 
About  50  invited  and  contributed  papers  were  presented  along  with  about  25  posters. 
Session  titles  were  as  follows:  Structures,  Defects,  Si-SiOz  Interface,  Oxidation 
and  Diffusion,  Laser-Induced  Effects,  Transport  and  Trapping,  Breakdown,  Radiation 
Effects  and  Reliability,  and  Buried  Dielectric  Layers. 

The  conference  proceedings  should  be  published  in  early  1988.  Details  concerning 
the  proceedings  or  other  more  detailed  information  on  this  conference  should  be 
available  from  any  of  the  conference  co-chairs:  Professor  Jorg  Arndt  of  the  Univer¬ 
sity  of  Ttibingen,  West  Germany;  Dr.  Roderick  Devine  of  CNET  (France's  National  Tele¬ 
communications  Research  Center) ,  Meylan,  France;  or  Dr.  Akos  Revesz  of  NRL,  Washing- 


jrapjvy 

r  '■r  F.  Ferer,  frojeat  Manager,  Ocean  Programs  Management  ''''ffice, 

:-  rr  :r'  ‘h  and  Development  Activity,  fiSTL  Station,  Mississippi  DOc.LO. 
r.  Ferer  attended  the  19th  International  Liege  Colloquium  on  Ocean  Hydrodynam- 
Id  in  May  1987  at  the  University  of  Liege  at  Sart-Tilman,  Belgium.  The  meeting 
lentially  concerned  with  discussion  of  small-scale  turbulence  and  mixing  in  the 
Papers  were  given  by  representatives  from  Australia,  Belgium,  Canada,  West 
/ ,  Norway,  Sweden,  the  UK,  USSR,  and  the  US  (which  provided  the  majority  of 

I  . 

pf.inted  nut  by  the  speakers  reviewing  progress  during  the  8  years  since  the 
f  e  rence  ,  that  progress  has  been  relatively  slow  due  to  lack  of  observational 
•merits.  Wiiat  e  n.€:asurements  have  been  achieved  took  place  within  the 

years  an:  have  come  mainly  because  of  the  US  Navy's  funding  of  instrumentation 
•  e'xpe’ r  imen  t  s .  Both  ONR’s  and  the  Oceanographer  of  the  Navy's  instrumen- 

sci.pcirt  have  contributed  .significantly. 

ipers  included  discussion  of  deliberate  chemical  tracers  and  their  continued 
■ier.  rmu.e  tlicrmric  1  ine  ventilation  and  diapycnal  mixing  rates;  advances  in  up- 
an  modeling  (which  have  emphasized  the  importance  and  relationship  of  diapycn- 
■•sopy cnaL  mode  1 1 ng --w 1 1 h  significant  improvement  in  upper  ocean  pr e.sen ta t ion 
■);  and  C-FALT  and  its  multiorganization  effort. 

new  ;ieve  kipm.ent  was  the  description  of  small-scale  vertical  motions.  The  po- 
;  I'rerqy  field  was  broken  down  into  the  gravity  motion  of  vertical  interna! 
ir-  i  '■he  vortical  m.otion  of  horizontal  vortices.  It  was  suggested  that  while 
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vortical  motions  have  only  10  percent  of  the  energy  within  the  IW  field  it  contains 
the  greatest  portion  of  the  shear  motion. 

A  "Glossary  of  Terms  for  Small-Scale  Turbulence  and  Mixing  in  the  Ocean,"  pro¬ 
duced  by  the  organizing  committee,  was  distributed.  There  appeared  to  be  unanimous 
agreement  that  small-scale  turbulence  is  defined  as  a  nearly  isotropic  eduy-liko 
state  of  fluid  motion  where  the  inertial  forces  of  the  eddies  are  larger  than  tl-.e 
buoyancy  forces  and  viscous  forces  that  arise  to  damp  them  out. 

Proceedings  of  this  colloquium  were  scheduled  for  publishing  and  distribution  in 
late  1987. 

Physics 

’  cn;  rr.  .4.  W.  Al-!,  Zhi-s-itys  Pivisicr,  Code  4''0G,  k 

;;  b  o .1 1 0  r-u ,  sniy.gr.  o  PC  PC  3  7  5-  5  OPC . 

Dr.  Ali  attended  the  Eighteenth  International  Conference  on  Phenomena  in  Ionized 


Gases  (ICPIG) , 

45  countries  a 

V. 

countries  were 

USSR. 

Topics  considered  at  this  conference  were:  kinetics,  thermodynamics,  and  trans¬ 
port  phenomena;  waves  and  instabilities;  laser  and  particle  beam  interaction  with 
plasmas;  plasmas  in  space;  plasma  chemistry;  non-ideal  plasmas;  elementary  processes; 
electrode  and  surface  effects;  ionization  growth  and  breakdown;  RF ,  microwave,  and 
laser-induced  discharges;  coronas;  sparks  and  high-pressure  glows;  arcs;  plasma  spec¬ 
troscopy;  diagnostics;  and  theoretical  modeling. 

There  were  11  general  invited  lectures,  the  majority  being  reviews  and  updates 
of  the  current  status  of  the  fields.  Few  of  these  were  topics  which  can  be  con¬ 
sidered  as  new  or  in  developing  fields  such  as  dynamical  chaos  in  plasma  or  dis¬ 
charges  in  extremely  high  values  of  E/N.  There  were  26  topical  invited  lectures, 
which  signifies  the  diverse  interests  within  the  ICPIG;  these  span  basic  and  applied 
physics  and  extend  to  some  engineering  aspects  as  well. 

The  particular  papers  Ali  reviews  include:  experimental  results  in  argon  for 
very  high  value  of  E/N  in  low-pressure  gas;  the  ionization  kinetics  in  shock-treated 
rare  gases;  the  current  status  of  the  laser-triggered  switches  (LTS) ;  and  line 
broadening  mechanisms,  with  emphasis  on  Stark  broadening. 

Craveler :  Dr.  FereydooK  Family,  Department  of  Physics,  Emery  University ,  At¬ 
lanta,  Georgia  30322, 

Dr.  Family  attended  the  meeting  at  Cambridge  University,  UK,  "Faraday  Discussion 
83,  brownian  notion held  in  April  1987. 

Dr.  Family  prefaces  his  report  by  stating  that  the  essential  mechanism  of  Brown¬ 
ian  motion  is  the  continuous  "buffeting"  of  the  suspended  particle  by  the  molecular 
components  of  the  fluid  due  to  their  thermal  motion.  At  each  collision  the  suspended 
particle  suffers  some  displacement,  and  its  subsequent  motion  is  a  random  walk.  He 
continues,  saying  that  in  the  past  decade  there  has  been  an  explosive  growth  in  the 
theory  and  applications  of  Brownian  processes  and  random  walk  models.  Brownian  motion 
and  random  walk  models  have  appeared  in  diverse  subject  areas,  in  biology,  chemisty, 
engineering  and  physics,  to  mention  just  a  few. 

This  meeting  was  organized  by  the  UK's  Royal  Society  of  Chemistry  to  bring  to¬ 
gether  a  spectrum  of  scientists  to  discuss  new  developments  in  the  experimental  and 
theoretical  studies  of  Brownian  motion  of  colloidal  particles  and  macromolecules  with 
particular  emphasis  on  the  dynamics  of  aggregate  formation  and  breakdown,  computer 
simulation  and  m.any-body  hydrodynamic  interactions. 

The  first  group  of  papers  dealt  mainly  with  both  theoretical  and  experimental 
studies  of  Brownian  motion  of  tracer  particles.  Understanding  the  dynamics  of  tracer 
particles  immersed  in  a  dispersion  of  other  diffusing  particles  is  a  problem  of  con¬ 
siderable  interest  from  both  practical  and  theoretical  points  of  view.  Since  dynamic 
light  scattering  has  become  one  of  the  most  powerful  methods  for  the  study  of  various 
aspects  of  Brownian  motion,  there  were  several  papers  on  use  of  light  scattering 
techniques . 

The  second  group  of  papers  dealt  primarily  with  colloidal  systems,  and  in  this 
group  were  several  presentations  that  reflected  the  interest  generated  during  the 
past  few  years  by  the  discovery  that  the  patterns  produced  by  diffusion-limited  ag¬ 
gregation  processes  and  colloidal  aggregates  have  structures  that  can  be  described  by 
tractal  geometry.  (Dr.  Family's  own  presentation  of  his  work,  done  in  collaboration 
with  George  Hentschell  of  Dowell-Schlumberger ,  was  on  the  analytical  approach  lor  do- 
t'.'rmining  the  fractal  structure  of  diffusion-limited  clusters  in  the  presence  of  an- 
1  so t  ropy , ) 
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3  The  third  group  of  papers  dealt  with  various  topics  related  to  Brownian  dynam- 

.  ics,  and  the  fourth  group  dealt  with  colloidal  suspensions. 


REPORTS  ON  EUROPEAN  SCIENCE  AND  TECHNOLOGY  FROM  OTHER  COMMANDS 


Information  on  each  of  the  reports  listed  below  was  furnished  by  the  activity 
identified  by  the  abbreviations  for  that  office.  Requests  for  copies  of  or  informa¬ 
tion  about  the  document  should  be  addressed  to  the  appropriate  office: 


L'SARDSG--US  Army  Research  Development  and  Standardization 
Group,  Box  15/65,  FPO  New  York,  09510-1500 
EOARD--European  Office  of  Aerospace  Research  and  Development, 
Box  14,  FPO,  New  York  09510 


Chemistry 

■  '■jid-Fod  Polymer  and  Selective  Fluoridization  Research  at  Tel  Aviv  University, 
by  MAJ  Scott  Shackelford,  BOARD.  (17  pp)  (Report  No.  EOARD-LR-87-65 . ] 

Studies  using  a  fused  bicyclic  ring  system  monomer  family  termed  "bimanes"  show 
that  bimanes  have  promise  as  highly  thermally  stable  materials  which  could  also  solve 
the  rigid-rod  fiber  problem  with  compressive  strength.  Professor  Edward  M.  Kosower 
is  investigating  bimane  isomeric  monomers  and  bis -bimane  derivatives  (dec.  300°C,’  for 
use  in  ordered  polymeric  fiber  applications,  and  has  synthesized  diacetylene- 
terminated  bimane  derivatives  for  subsequent  polymerization.  Professor  Shlomo  Rozen 
has  successfully  tamed  highly  reactive  F2  gas  by  using  it  to  produce  mild  selective 
organic  fluorinating  reagents  in-situ.  This  approach  has  been  successful  at  con¬ 
verting  carbonyl  moieties  to  the  gem  -  CF2  group,  in  substituting  tertiary  hydrogen 
atoms  with  fluorine,  and  in  synthesizing  vicinal  to  mixed  dihaloalkanes  and  vie 
f luorome thoxy alkanes . 

PhKdarental  Studies  on  Organic  Synthetic  Metal  Conduction  at  Ben-Gurion  Uni- 
versit'j,  by  MAJ  Scott  Shackelford,  BOARD.  (15  pp)  [Report  No.  EOARD-LR- 
87-66.  ] 

An  interdisciplinary  research  group  headed  by  four  professors  in  synthetic  or¬ 
ganic  chemistry,  crystallography,  electrochemistry  and  theoretical  chemistry  has  been 
assembled  at  the  Department  of  Chemistry,  Ben  Gurion  University  of  the  Negeav,  at 
Beer-Sheva,  Israel.  This  group  has  identified  five  fundamental  factors  at  the  molec¬ 
ular  and  microstructural  level  which  affect  the  type  and  degree  of  conductivity  pos¬ 
sessed  by  organic  materials.  While  past  research  in  this  area  has  proceeded  very 
empirically,  this  group  is  systematically  investigating  the  influence  of  these  five 
factors  to  identify  how  at  the  molecular/microstructural  level,  these  conductive 
properties  may  be  selectively  varied  and  designed  into  an  organic  material.  This 
fundamental  information  might  also  have  applicability  to  optical  transmission  con¬ 
siderations.  Studies  in  conformational  polymorphism  and  molecular  structure/property 
relationships  are  also  being  pursued. 

Corrosion  in  Gas  Turbines:  A  New,  Unique  and  Informative  Technique  is  EASE, 
report  under  contract  AFOSR  84-0338  by  Dr.  Trevor  R.  Griffiths,  Department  of  Inor¬ 
ganic  and  Structural  Chemistry,  The  University  of  Leeds.  (77  pp)  [Report  No.  EOARD- 

TR-87-09 . 1 

The  hot  corrosion  of  advanced  turbine  materials  used  in  aerospace  applications 
may  now  be  studied  successfully  with  EASE  (Electronic  Absorption  Spectroscopy  Exper¬ 
iments)  .  This  technique  permits  the  continuous  monitoring  of  the  dissolution  of  cor¬ 
rosion  products  into  molten  sulphate  deposits  under  conditions  which  effectively  rep¬ 
licate  operating  conditions.  The  EASE  technique  was  originally  developed  for  studying 
hot  corrosion  on  superheater  tubes,  and  this  preliminary  study  has  developed  and 
c'xtended  it  to  turbine  materials,  where  the  effects  of  thermal  cycling  and  chloride 
addition  can  be  followed.  The  report  details  the  spectroscopic  studies  made  and  how 
rates  are  obtained  from  spectra;  the  design  and  testing  of  thermal  gradient  furnaces; 
and  some  crucible  and  spectroscopic  studies  of  IN  738  in  sulphate  +  chloride  melts. 
A  recently  marketed  American  fiber  optic  spectrophotometer  could  be  modified  to  en- 
han'-e  EASE  studies  and  make  in  situ  studies  of  operating  turbines. 
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Life  Sciences 

'.i  r;'  by  MAJ  Jim  McDougal,  EOARD.  (3  pp)  (Report  No.  EOARD- 

LR-87-69.] 

The  Laboratory  of  Physiology  at  the  University  of  Oxford  is  internationally  rec¬ 
ognized  for  its  investigations  in  the  field  of  neuroscience.  Professor  Colin  Blake- 
more  has  groups  involved  in  various  aspects  of  visual  perception  in  several  labora¬ 
tory  species.  One  group  is  involved  in  electrophysiology  (in  vitro  and  in  vivo)  and 
anatomical  studies  with  horseradish  peroxidase  in  the  visual  cortex  of  rats  and  cats. 
They  are  combining  these  studies  into  a  computer  model  which  will  simulate  electrical 
activity  in  the  visual  cortex.  Another  group  is  involved  in  studying  neurophysiology 
in  old  world  primates.  They  have  recorded  from  the  foveal  region  of  the  striate  cor¬ 
tex  and  determined  spatial  contrast  sensitivity  function  and  will  move  on  to  investi¬ 
gate  chromatic  sensitivity. 

Materials 

ylorrri'n  c  rr  s  ooru  .'tudies  of  Carton  and  Ceranias  ,  by  LTC  Jim  Hansen,  EOARD. 

(4  pp)  [Report  No.  EOARD-LR-87-64  . ] ' 

Madam  Oberlain  at  the  University  of  Pau,  France,  leads  a  group  performing  elec¬ 
tron  microscopy  on  constituents  of  composites.  Materials  studied  include  carbon  fi¬ 
bers,  silicon  carbide  fibers,  and  graphite.  A  special  technique  developed  for  these 
studies  is  dark  field  imaging  in  transmission  electron  microscopy. 

Co'-'iel  r'esearah  at  Cue  yrenoh  i'nivt-rsities ,  by  LTC  Jim  Hansen,  EOARD.  (8  pp) 
[Report  No.  EOARD-LR-87-67 . ] 

At  the  University  of  Paris,  Professor  Livage  directs  a  research  group  with  ex¬ 
cellent  capabilities  in  the  chemistry  of  sol-gel  processes  and  in  spectroscopic 
analysis.  A  SOO^C  capability  in  their  nuclear  magnetic  resonance  spectrometer  is  to 
be  applied  to  sol-gels.  At  the  University  of  Montepellier ,  Professor  Zarzyeki  heads 
a  miaterials  science  effort,  utilizing  ultrasonics  to  form  extremely  dense  sonogels, 
to  overcome  shrinkage  and  microcracking  problems.  Other  strengths  include  fractal 
characterization  of  sol-gels. 

by  LTC  Jim  Hansen,  EOARD.  (2  pp)  [Report  No.  EOARD-LR-87-68 .  ] 

Aluminalon,  a  new  ceramic  material,  has  been  developed  by  researchers  at  Ecole 
Nationale  Superieuro  des  Mines  in  Saint-Etienne ,  France.  Aluminalon  is  a  dispersion 
of  gamma  aluminum  oxynitride  in  an  alumina  matrix,  with  no  vitreous  grain  boundary 
phase.  Tribological  properties  are  most  notable,  especially  following  oxidation 
treat.ment . 

Mechanics 

Cruo  '.'•'euina  of  CFi  or  1  (•••!!«’ 'i-' ,  by  LTC  Bob  Winn.  (1  p)  [Report  No. 

EOARD-LR-87-76 . I 

Professor  Jim  Swithenbank  at  the  University  of  Sheffield  has  d('veloped  a  true 
three-dimensional  viewing  system  for  microcomputer  graphics  displays.  It  was  devel¬ 
oped  for  use  in  analyzing  complex  fluid  problems  but  has  applications  to  computer- 
aided  design  as  well.  This  system  costs  only  about  $3,000  beyond  the  cost  of  the 
microcom.puter . 

Winn.  (7  pp)  [Report  No.  EOARD-LP-8 7 - 77 .  | 

This  confereix'e  was  held  in  Aachen,  West  Germany,  ' n 
consi.sts  of  a  list  of  the  specific  topic  aieas  covered 
list  of  paper  titles  and  authors  attached. 

;  ;•  ,  by  LTC  Bob  Winn,  EOARD.  (44  pp )  [Report  No.  EOARD- LR- 8  7  -  7  8  .  ] 

Professci  Bill  Morton  is  heading  up  the  Institute  tor  Comput a 1 1 ona  1  Fluid  Dy¬ 
namics,  a  combitied  effort  of  the  Universities  of  Oxford  and  Reading.  Work  in  this 
institute  IS  on  the  leading  edge  of  Eueler  code  development  particularly  in  tlie  area 

of  "shock  fitting."  This  report  consists  of  a  brief  outline  of  tlieit  woi k  and  a  cop 

of  the  institute's  annual  report. 

Phys ICS 

;  >  ’hn  '  --V'onKi,  by  Dr.  Stacey  Lazdinis,  EOARD. 

(2  pp)  [Report  No.  EAORD-LR-87-43. [ 

The  In.stitut  fiir  Nachr ichtentechnik  of  the  Technische  Universitat  in  Vienna  is 
establishing  a  laser  technology  research  institute.  Interesting  work  in  higher  power 
CO;  and  TEA  lasers  is  also  being  done. 


by  LTC  Bob 

late  July  1987.  This  repiort 
in  thf'  .symposium  and  has  a 
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'aper  Zeahniq-ues  in  Atomic  and  Molecular  Physics,  by  Dr.  Stacey  Lazdinis,  BOARD. 
(4  pp)  [Report  No.  EOARD-LR-87-44 . ] 

The  Laboratoire  de  Spectrometr ie  Physique  of  the  University  at  Grenoble,  France 
is  applying  sophisticated  laser  techniques  to  extend  the  scope  of  their  research  in 
atomic  and  molecular  physics. 


TECHNOLOGY  ROUNDUP — ITALY 

The  items  below  were  received  from  the  American  Embassy  in  Rome.  For  further 
information,  contact  Dr.  Gerald  Whitman,  Office  of  the  Science  Counselor,  American 
Embassy,  Rome,  APO  New  York  09794-0007. 

New  Robot  Employs  Artificial  Vision.  Selenia  Elsag  has  developed  a  robot  able 
to  visually  recognize  spare  parts  on  an  industry  assembly  line  and  to  transfer  them 
to  the  area  where  they  will  be  employed.  Testing  of  the  robot,  known  as  the  "Faber  C 
5000  DEA"  will  be  complete  by  the  end  of  the  year.  In  addition,  Selenia  Elsag  is  ac¬ 
tive  in  the  automated  postal  system  area  and  is  readying  a  system,  "Emma  2,"  capable 
of  reading  documents  automatically.  The  system  is  presently  being  studied  by  the 
US  Internal  Revenue  Service. 

Montedison  to  Simulate  Origins  of  Disease.  Montedison,  the  Italian  chemical 
giant,  has  announced  a  project  to  build  advanced  analytical  devices  capable  of  in¬ 
vestigating  through  simulation  the  biological  origins  of  cellular  anomalies  and 
diseases.  The  program  will  be  carried  out  by  ME.S.A.,  an  automation  systems  company 
of  the  Montedison  Group,  ME.S.A.  is  expected  to  spend  5  billion  lire  (about  $3.8  mil¬ 
lion)  on  the  program  over  the  first  3  years. 

Bruno  Coppi  to  Head  New  Fusion  Research  in  Turin.  Prominent  Italian  physicist 
Bruno  Coppi  has  accepted  the  offer  of  the  Piedmont  Regional  Administration  to  head  a 
new  fusion  research  program  at  Turin  Polytechnic  University.  Coppi 's  research  will 
be  supported  by  an  association  comprised  of  the  regional  administration,  the  univer¬ 
sity,  and  several  Turin  industries. 

New  Fusion  Project  in  Padua.  The  National  Research  Council  (CNR)  Institute  of 
ionized  gases  and  the  CNR  Padua  Research  Group  on  fusion  announced  a  new  experiment 
on  magnetic  field  nuclear  fusion.  Scheduled  to  start  in  Padua  in  1989,  the  experi¬ 
ment  is  expected  to  cost  70  billion  lire  (about  $52  million)  and  will  require  the 
construction  of  a  plasma  ring  (4-meter  external  diameter)  with  a  2-million-ampere 
electric  power  capacity.  The  project  is  financed  by  CNR,  the  University  of  Padua, 
the  Italian  Agency  for  Nuclear  and  Renewable  Energy  (ENEA) ,  and  by  EEC. 

Olivetti  to  Establish  Informatics  Research  Centers.  The  Italian  Interministeria 
Committee  for  Industrial  Programing  awarded  a  contract  to  Olivetti  worth  700  billion 
lire  (about  $55  million)  through  1990  to  establish  high-qualification  research  cen¬ 
ters  on  informatics  to  encourage  research  and  productivity  in  the  south  of  Italy. 
Olivetti  will  establish,  in  cooperation  with  local  universities  and  institutions, 
several  research  centers  for  new  RISC  (reduced  instruction  set  computer)  architec¬ 
tures  for  the  realization  of  innovative  microcomputers;  office  automation;  develop¬ 
ment  of  hardware  and  software  modules  for  the  OSI  (open  system  interconnection)  Euro¬ 
pean  standards  of  communication;  artificial  intelligence  systems  design;  and  develop¬ 
ment  of  memory  cards  based  on  laser  technologies. 

Artificial  Intelligence  Research  in  Italy.  Italy  at  present  has  135  research 
and  operational  groups  working  in  artificial  Intelligence  (AI),  according  to  a  report 
released  at  the  International  Conference  on  Artificial  Intelligence  in  Milan  last 
August.  The  report  states  that  about  1000  persons  are  currently  involved  in  AI  re¬ 
search,  with  an  expenditure  of  about  56  billion  lire  (about  $41  million)  in  1986  — 
about  11  percent  of  the  European  total.  The  Italian  market  for  AI ,  estimated  at 
around  7  billion  lire  in  1986,  is  expected  to  reach  about  30  billion  in  1987  and 
120  billion  per  year  by  1990.  Industrial  automation  alone  allows  for  60  percent  of 
Italian  expert  systems  activity.  At  present,  Italian  industry  is  operating  two  large 
AI  expert  systems.  The  first,  "Arianna,"  is  employed  for  production  planning  in  the 
Pirelli  Tire  and  Rubber  Factory  in  Tivoli.  The  second,  called  "Prop,"  monitors  the 
water  cycle  in  hydroelectric  power  plants  of  the  Italian  National  Electric  Agency 
(ENEL).  Fiat,  Telettra,  ENI ,  Italsider,  Montefiber,  and  the  Italian  state  railway 
ail  plan  to  have  expert  systems  on  line  within  the  next  few  months. 
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Consortium  Formed  for  Advanced  Microelectronics  Laboratory  in  Cantania.  The 
University  of  Cantania  in  Sicily  with  the  companies  SGS  Microelectronica  and  In- 
novazione  Silicon  Technology,  both  of  the  IRI-STET  group,  have  formed  a  consortium 
for  the  establishment  of  an  advanced  microelectronic  research  laboratory  at  the  uni¬ 
versity.  The  laboratory  will  explore  areas  of  intelligent  and  non-intelligent  power 
micorelectronics  as  well  as  programmable  and  non  programmable  logical  circuits.  The 
government  is  financing  the  laboratory  through  its  plan  for  the  development  of  the 
south.  About  157  billion  lire  ($120  million)  have  been  allotted  to  the  laboratory 
for  the  3-year  period  1987/89. 

Progress  in  Ceraniics  Research.  The  director  of  CNR's  Institute  for  Electronic 
Theory  and  Structures  noted  the  growing  capabilities  of  Italian  industry  to  produce 
technologically  advanced  ceramic  material.  Industries  such  as  SAMIM  and  Eniricerche 
of  the  ENI  Group,  CSM  (Centro  Ricerche  Materiali)  of  Ansaldo,  and  Montedison  are  ini¬ 
tiating  significant  research  in  ceramic  materials.  Moreover,  one  of  the  four  sub- 
projects  of  the  new  CNR-f inalized  project  on  "special  materials  for  advanced  tech¬ 
nologies"  is  dedicated  to  neoceramic  materials.  The  project  covers  process  technol¬ 
ogies,  structural  ceramics,  electroceramics,  and  glasses;  the  estimated  cost  for  five 
years  is  28  billion  lire  (about  $21  million) .  It  will  involve  50  research  groups 
with  industry  participation  at  about  40  percent. 

Development  of  Advanced  Computational  Techniques.  The  Italian  company  Rambaudi 
of  Turin  signed  a  contract  with  McDonnell  Douglas  for  the  joint  development  of  new 
advanced  computational  techniques  for  the  design  of  complex  mechanical  structures.  A 
test  facility  will  be  established  in  the  Rambaudi  facilities  in  Turin.  Rambaudi  em¬ 
ploys  420  individuals  and  has  a  business  turnover  of  60  billion  lire  (about  $47  mil¬ 
lion  )  . 


SCIENCE  NEWSBRIEFS  FOR  DECEMBER 

The  following  issues  of  Science  Newebrief  were  published  by  the  ONR,  London, 
Scientific  Liaison  Division  during  December.  Science  Newebrief  provides  concise  ac¬ 
counts  of  scientific  research  developments,  meeting  announcements,  and  science  policy 
in  Europe  and  the  Middle  East.  Please  request  copies,  by  number,  from  ONR,  London. 


.Number 

''-12  Meetings  in  UK  Organized  by  Institute  of  Physics  by  Louis  Cartz. 
5-13  Shortest  Laser  Pulse  Record  in  the  UK  by  Paul  Roman. 


DECEMBER  MAS  BULLETINS 

The  following  military  Applications  Summary  (MAS)  Bulletins  were  published  by 
the  ONR,  London,  Military  Applications  Division  during  December.  The  MAS  Bulletin  is 
an  account  of  accomplishments  in  European  naval  research,  development,  test,  and 
evaluation.  Request  copies  of  the  Bulletins,  by  number,  from  ONR,  London. 


Number 

50- 87 

51- 87 

52- 87 


Skyshark  Italian  Standoff  Weapon  Dispenser 
Copper-on-Alumina  Microelectronic  Packaging 
Third  Quarterly  Index  1987 
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SUBJECT  INDEX  OF  1987  ONRL  PUBLICATIONS 


Volume  41  ESN  and  1987  ESNIB 

The  articles  are  listed  chronologically  under  the  subject  heading,  with  title, 
author,  and  issue  page  numbers.  All  ESN  entries  are  for  volume  41  (1987).  Thus,  for 
rr.V  references,  6:211  indicates  issue  6,  page  211  of  volume  41.  For  ESNIB,  87-01:16 
indicates  1987,  issue  1,  page  16. 
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Fluid  Mechanics  Research  at  the  University 
of  Naples 
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Fluid  Mechanics  and  Combustion  Research 
at  the  Polytechnic  University  of  Madrid 
and  the  University  of  Zaragoza 
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OCEAN  SCIENCES 

European  Geophysical  Meeting — August  1986 
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Jerome 

Meeting  of  the  International  Commission 
for  the  Scientific  Exploration  of  the 
Mediterranean  Sea 
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Williams  3[ 

UK  Oceanography  '86 
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Williams 

Oceanic  and  Atmospheric  Variability 
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Williams  3 

Hydrographic  Society  Holds  Its  5th  Biennial 
International  Symposium 
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Williams  ^ 

Marine  Science  at  Plymouth,  UK 

6:337 

Jerome 

williams  ^ 

The  Institute  of  Oceanographic  Sciences, 
Bidston,  UK 
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Jerome 

Williams 

The  Remote  Sensing  Group  at  the  Chalmers 
University  of  Technology,  Gothenburg, 

Sweden 
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Williams  K 

Yugoslavian  Marine  Science  Institutions 

7:395 

Jerome 

Williams  p 

Oceanographic  Research  in  Norway 

8:439 
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Williams  P 

Overview  of  Marine  Science  Activity 
at  Israeli  Facilities 

8:442 

Jerome 

Williams  ( 

Community  Programs  in  Marine  Science 
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Jerome 

Williams  i 

An  Informal  Meeting  of  British 

Ocean  Modelers 
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Jerome 

Tidal  Measurements  and  Instrumentation — 

A  Seminar  by  the  UK's  Hydrographic 

Society 
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Williams  | 

Williams  ' 

Workshop  to  Reconcile  Research 

Differences  on  Radar  Imagery  of  Ocean 
Surface  Features 
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Caspar 
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European  Geophysical  Society — XII  General 
Assembly 
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J.  Simpson  and  IS 

The  Marginal  Ice  Zone  Experiment: 
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Johnson  and 

MIZEX-87 

The  Oceanography  Session  of  the  European 

Remote  Sensing  Meeting 
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Jerome  Williams  ^ 

Research  in  Air-Sea  Interface  at  IMST, 

Luminy,  France 
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Oceanography  at  a  Small  Laboratory  in 

Toulon,  France 
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Marine  Science  at  the  Netherland's 

Hydraulic  Laboratory 
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Oceanography  on  the  French  Riviera — 
Laboratoire  de  Physique  et 

Chimie  Marines 
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Tracers  in  the  Ocean — A  Small 

International  Meeting 
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Southampton  University  to  Create  Underwater 
Acoustics  Chair 
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Remote  Sensing  Programs  Sponsored  by  the 

French  Ministry  of  Research 

87-01; 

65 

Jerome 

Williams  U 

COST-43:  Seminar  on  Operational  Ocean 

Station  Networks 
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Williams 

Air-Sea  Interaction  Meeting  of  the  UK's 

Royal  Meteorological  Society 
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Oceanography:  Institut  Francais  De  Re¬ 

cherche  Pour  L ' Exploitation  Des  Mers 
(IFREMER) 
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PHYSICS 

Scanning  Tunneling  Microscopy:  STM  '86 

A  Revolution  in  the  Making 
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Scanning  Tunneling  Microscopy:  STM  '86 
Highlights  of  Research  from  Six 
European  Laboratories 
An  All-European  Conference  on  Atomic 
Spectroscopy 

An  International  Meeting  on 
Infrared  Technology 
Gas  Laser  Research  at  Twente 
Neuperlach  Revisited;  New  Trends  in  the 
Optoelectronic  Research  Division  of 
Siemens  AG 

Novel  Imaging  Multichannel  Laser 
Spectroscopy  System  Developed  at 
DFVLR 

Infrared  Signature  Studies  at 
Oberpfaf fenhofen 

A  Mass  Meeting  of  Semiconductor  Scientists 
Held  in  Stockholm 

Microstructure  Experts  Had  a  Fine  Working 
Conference  at  Goteborg 
An  ONRL-Sponsored  Workshop  on  Optical 
Interconnects 

Synthetic  Diamonds  as  Radiation  Detectors 
New  Laser  Media:  An  ONRL-Sponsored 
Conference-Session  in  Jerusalem 
ONR  Branch  Office  London  Sponsors  a 
Session  on  Interfacial  Phenomena 
in  Microelectronics 

Optical  Communication  Conference  Draws 
Crowds  to  Barcelona 

International  Conference  on  Anomalous  Rare 
Earths  and  Actinides 
ONRL-Sponsored  Workshop  on  Fractals 
and  Chaos 

Optoelectronics  Research  at  Dublin's 
Trinity  College 

Plessey's  Allen  Clark  Research  Center 
A  Large  Gathering  of  Solid-State  Physicists 
A  Small  European  Working-Conference  on 
Amorphous  Semiconductors 
Scanning  Tunneling  Microscopy  in  Madrid 
Ultrahigh-Resolution  Laser  Spectroscopy 
Serves  Basic  Physics  in  Munich 
Gallium  Arsenide  Research  at  Stuttgart's 
Max  Planck  Institute 

Pioneering  Semiconductor  Device  Research  at 
Stuttgart  University's  Physics  Department 
Laser  Research  at  the  German  Aerospace 
Research  Establishment  Laboratories  in 
Stuttgart 

Siemens  Ready  to  Supply  High-Power 
Semiconductor  Laser  Arrays 
Basic  Research  in  Optoelectronics,  Optics, 
and  Laser  Science  at  Berlin 
Physics  and  Microelectronics  Research  at 
the  Institut  Superieur  d ' Electronique 
du  Nord 

Fiber-Optic  Telemetry  at  the  Electric 
Company  of  Portugal 

1st  European  Workshop  on  High  T^,  Super¬ 
conductors  and  Potential  Applications 
Quantum  Optics  Research  at 
Naples  University 

Topics  Related  to  Nanometer  Electronics — A 
Workshop  Session  Sponsored  by  ONRL 
A  Small  French  Meeting  on  Optical 
Communications 
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New  International  Advanced  Multidis¬ 
ciplinary  Theoretical  Study-Institute 


Announced 

87-02:63 

Paul  Roman 

Structural  Effects  in  Amorphous  Ferromag- 
nets — An  ONRL  Supported  Conference 

Session 

87-02:63 

Paul  Roman 

ONR-London  has  Sponsored  a  Conference 

Session  on  Unusual  Applications  of 

Advanced  Molecular  Spectroscopy 

87-02:64 

Paul  Roman 

An  International  Optics  Exhibition  in 

Madrid 

87-02:65 

Paul  Roman 

SCIENCE  POLICY 

The  Technical  Information  Library  at 

Hannover  Keeps  an  Eye  on  the  East 

3:168 

Paul  Roman 

National  Research  Centers  in  West  Germany 

4:212 

Paul  Roman 

Italy  Plans  Big  Strides  in 

Optoelectronics  R&D 

6:341 

Paul  Roman 

Progress  in  the  UK  Low-Dimensional 

Structures  Initiative 

7:407 

Paul  Roman 

The  Physics  Committee  of  SERC  Reviews 

Physics  Activities  in  the  United 

Kingdom 

7:407 

Paul  Roman 

The  Launching  of  BRAIN  in  Europe 

9:522 

Paul  Roman 

European  Ultraviolet  Space  Observatory 

87-01:68 

Paul  Roman 

SPACE  SCIENCES 

Open  Window  Detectors  for  Ultraviolet 
Astronomy — A  Workshop  Report 

4:209 

George  R.  Carruthers 

The  Vatican  Advanced  Technology 

Telescope  to  be  Located  in  Arizona 

4:210 

and  Donald  J.  Michels 

Muhammad  Adel  Miah 

NATO  Advanced  Study  Institute — Physical 
Processes  in  the  Interstellar  Medium 

5:265 

Philip  R.  Schwartz 

X-Ray  Sensor  Lifted  into  Orbit  in  First 
Anglo-Japanese  Space  Venture 

5:283 

C . J .  Fox 

The  Few-Body  Problem — lAU  Colloquium 

Number  96,  Turku,  Finland 

10:582 

Dale  G.  Bettis 

1986-1987  SCIENCE 

NEWSBRIEFS 

BIOLOGICAL  SCIENCES 

Call  for  Papers  for  International 

Conference  on  Bioreactors  and 

Biotrans format ions 

4-14 

Claire  E.  Zomzely-Neurath 

Spotlight  on  Biocommunication 

4-16 

Claire  E.  Zomzely-Neurath 

CHEMISTRY 

THERMOSALT:  A  THERMOSALT  Databank  of 

Molten  Salt  Mixtures 

5-2 

David  L.  Venezky 

Second  International  Conference  on 

Polymers  in  a  Marine  Environment 

Announced 

4-12 

David  L.  Venezky 

MATERIAL  SCIENCES 

EUROSENSORS:  Third  Conference  on  Sensors 

and  Their  Applications 

5-4 

Louis  Cartz 

Levitation  of  Ceramic  Spheres  by 

Acoustic  Waves  for  Studies  at  6000  K 
by  Laser  Beam  Heating 

5-6 

Louis  Cartz 

ONRL  Workshop  on  Engineering  Materials  for 
Very  High  Temperatures 
Acoustic  Scavenging  of  the  Open  Air 
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Meetings  on:  Polymer  for  Marine 

Environment  (UK),  14-16  October  1987, 
Composites  for  Naval  Construction  (France) 
16-18  March  1988 
Polymer  Science  Meetings  in 
Europe  1987-1988 

MECHANICS 

Seminars  on  Fluid  Mechanics  at  the 


University  of  Cambridge, 

England 

4-13 

Eugene 

F. 

Brown 

Seminars  on  Fluid  Mechanics 
University  of  Cambridge, 

at  the 

England 

5-1 

Eugene 
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Brown 

Fluid  Mechanics  Meetings  in 
1987-1989 

Europe 
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Eugene 
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Brown 

Fluid  Mechanics  Meeting  in 
and  the  Middle  East 

Europe 

5-8 
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Brown 

PHYSICS 

Pioneering  Results  in  Image  Processing 

at  British  Aerospace  4-15  Paul  Roman 

Shortest  Laser  Pulse  Record  in  the  UK  5-13  Paul  Roman 
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ONR,  London,  reports  are  listed  by  subject,  with  title,  report  number,  and  au¬ 
thor.  Reports  with  the  ”C"  discuss  European  and  Middle  Eastern  conferences;  the  "R" 
suffix  indicates  reports  that  provide  detailed  examinations  of  research. 


BEHAVIORAL  SCIENCES 

European  Perspectives  on  Developmental 
Psychology:  The  2nd  European  Con¬ 

ference  on  Developmental  Psychology 
A  Free-Response  Method  of  Computer 
Personality  Assessment: 

A  Research  Update 

An  Assessment  of  the  NATO  Advanced  Re¬ 
search  Worlcshop  on  Environmental 
Psychology  and  Its  Participants 
Proceedings — 23rd  International  Military 
Psychology  Symposium 


COMPUTER  SCIENCES 

Research  and  Development  at  Centre  Suisse 
d' Electronique  et  de  Micro41ectronique 
(CSEM) 

The  British  Technology  Group 
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7-015-R  J.F.  BlacJcburn 
7-022-R  J.F.  Blaclcburn 


BIOLOGICAL  SCIENCES 

Biotechnica  ' 86 :  2nd  International  Congress 
for  Biotechnology,  Hannover,  West  Germany 
Third  European  Seminar  and  Exhibition: 
Computer  Aided  Molecular  Design, 

London ,  UK 

Molecular  Biology:  Conference  on  Genetic 
Engineering  Techniques 
Biotechnology  Conference:  Protein  Eng¬ 
ineering  '87,  University  of  Oxford,  UK 
Biochemistry  Conference:  The  Cytos)seleton 
in  Cell  Differentiation  and  Development 
Biotechnology:  Biointeractions  '87, 
Cambridge,  UK 
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MATERIALS  SCIENCES 

NATO  Workshop  on  the  Design,  Activation 
and  Transformation  of  Organometallics 
into  Common  and  Exotic  Material 
The  5th  Europhysical  Conference  on 
Lattice  Defects  in  Ionic  Crystals 
Applied  Material  Sciences  in  Turkey 
Metal  Physics,  Universite  De  Poitiers, 

France 

Ceramic-Ceramic  Composites  Meeting  in 
Belgium 

A  Joint  UK-West  German  Meeting  Discusses 
Advanced  Engineering  Ceramics 
Assessment  of  Electroceramic  Research 
in  Europe  and  the  Middle  East 
2nd  NATO  Workshop  on  Passive  Infrared 
Optical  Material  and  Coatings 

MECHANICS 

Fluid  Mechanics  at  the  Middle  East 
Technical  University  and  the 
Istanbul  Technical  University 
Facilities  and  Research  at  the  French-German 
Institute  of  Research  at  Saint-Louis 
International  Conference  on  the  Aerodynamics 
at  Low  Reynolds  Numbers  Between  10  “•  &  10  6 
European  Reacting  Flow  Research:  A  Final 
Assessment 

AGARD — The  NATO  Advisory  Group  for 
Aerospace  Research  and  Development 
Highlights  of  the  70th  Flight  Mechanics 
Panel  Symposium  on  flight  Vehicle 
Development  Time  and  Cost  Reduction 
International  Conference  on  Industrial 
and  Applied  Mathematics 

OCEAN  SCIENCES 

1986  Meeting  of  the  Estuarine  and  Brackish 
Water  Science  Association 
UK  Oceanographers  Meet  in  Southampton 
1986  Conference  on  the  Variability  of  the 
Atmosphere  and  Oceans 
The  International  Symposium  on  Microwave 
Signatures  and  Remote  Sensing 

PHYSICS 

German  Quantum  Optics  Research  in  the 
Mirror  of  the  Annual  Physical 
Society  Meeting 

MULTIDISCIPLINE 

Italy's  Institute  of  Research  on 

Electromagnetic  Waves — Istituto  Di 
Ricerca  Sulle  Onde  Elettromagnet 
LDA  Measurements  and  Control  Theory 
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